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The journal of industrial technology is an academic publication which devotes to be a medium
to disseminate knowledge, research, invention, and innovation for academics. The article provides and
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(double-blinded peer reviews) and are not affiliated with the same institution. The high quality-reviewed
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verify and proofread the articles before online publishing and printing out all in the journal for further
publication.

In addition, the research and academic works published in this journal are considered the
independent opinions of the author. The author is responsible for any legal consequences that may
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Abstract: This research aims to analyze the waste generation rate from constructing high-rise residential
buildings with more than 8 floors. The study focuses on waste from structural and architectural activities.
Overall, waste was classified into eight types: concrete debris (50.5%), scrap metals (25.5%), lightweight brick
debris (12.0%), formwork timber debris (5.5%), tile debris (4.4%), general waste (1.6%), packaging or material
wrappings (0.4%), and PVC waste (0.1%), totaling 280 tons of waste. The waste generation rate per unit
area of construction building consists of the main waste components as follows: concrete debris (16.12
kg/m?), scrap metals (8.13 kg/m?), brick debris (3.82 kg/m?), and formwork timber debris (1.76 kg/m?). For
architectural work, the waste includes tile debris (1.40 kg/m?), general waste (0.51 kg/m?), packaging (0.13
kg/m?), and PVC waste (0.03 kg/m?). The structural activities with higher waste generation are foundation
work followed by tie beam and shear wall work, post-tension slab work, columns, lightweight brick wall
construction, and general wall construction. For architectural work, high waste-generating activities are ceiling
work, floor finishing, and sanitary fittings installation, respectively. This study highlights the importance of
waste management planning, emphasizing construction activities to reduce waste produced at site thus

minimize environmental impact and promote sustainable construction.

Keywords: Waste Management; High-Rise Building; Construction Waste; Sustainable Management
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Abstract: This article describes a control method for braking oil pressure control based on a hydraulic
brake control system for light-duty electric vehicles. This research aims to investigate and develop an
automated braking system to lessen the possibility of accidents and also prevent frontal collisions of
vehicles. In this study, a brake management system was designed with a PD controller and a linear
motor actuator was chosen to control the brake oil pressure. System identification of the mathematical
model is necessary to investigate the relationship between input and output responses in the linear
model's range. In order to gain insight into the behavior of this system, a mathematical model was
investigated and estimated, and the ideal values for the PD controller were determined as well. These
estimated values were then utilized in an optimization process. Using the parameter estimation in the
MATLAB Simulink, the control parameters, with the proportional gain value at 27.9606 and the derivative
gain at 32.0490, were identified. The developed braking system implemented in a light-duty electric
vehicle showed that it could effectively regulate the brake oil pressure using the prescribed parameter.
The error value was not more than +8 psi of the specified value. These findings highlight the potential of

the system's applicability to extend to large vehicles further.

Keywords: Brake system; DC motor; System identification; PD controller
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1. Introduction

Currently, the automotive industry plays a
crucial and influential role in shaping human daily
life due to the necessity of transportation for
various commercial and daily activities. The
increasing number of in

Thailand from 2018 to 2021, as the Department

registered vehicles

of Land Transport reported, reflects a growth rate
of 1.91% per year, reaching approximately one

million vehicles annually. With the growing

number of vehicles, there is a heightened
awareness of the environmental and health
impacts, leading to an increased interest in
advanced and environmentally friendly
technologies. Electric vehicles (EVs) have
witnessed a significant surge in popularity
compared to other vehicle types, driven by

continuous advancements in contemporary and
cutting-edge technologies [1]. The current focus
on developing automated driving systems in

modern vehicles aims to enhance user

convenience and safety [2]. Safety systems have
gained  widespread popularity, especially
considering the rising number of road accidents.
According to accident data, there was an
alarming increase in road fatalities in the first two
quarters of 2023 compared to the previous year.
One significant safety feature being developed
and integrated into vehicles is the Automatic

Emergency Braking (AEB) system [3].

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2025.04.002

Because cars play such an important function
in daily life, the safety system is essential to
reducing the number of people who die in land-
based travel accidents. Given the high number of
fatalities resulting from auto accidents, safety
systems are essential for lowering incidences and
boosting motorist trust. As a result, several
automakers have invested a great deal of time
and resources into creating safety features that
reduce collisions and increase road user
confidence [4-6].

The research presented above aims to
contribute to the development of an AEB system,
specifically for commercial electric vehicles with
limited operational space. This research
considers controlling the brake fluid pressure
using a PD controller [7-9] by estimating and
optimizing various direct current (DC) motor
parameters. This involves approximating and
optimizing the motor parameters to determine
suitable control values. These control values will
then be applied to regulate the hydraulic brake
pressure at 200 psi. The experimental results will
be used to analyze the system's performance and

assess the effectiveness of this control strategy.

2. Brake System Design

A brake system design is a critical aspect in the
automotive engineering domain, encompassing
various components and technologies to ensure

optimal vehicle safety and performance. The brake
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system is fundamental for controling and
decelerating the vehicle, contributing significantly
to overall road safety. Several factors influence
the design of an effective brake system, including
the vehicle's weight, speed, intended use, and
environmental conditions. Engineers employ
advanced technologies and materials to enhance
braking efficiency, reduce stopping distances, and
ensure consistent performance under varying
circumstances.

The design of a brake system involves a
comprehensive consideration of mechanical,
hydraulic, and electronic components tailored to
meet safety standards, vehicle specifications, and
technological advancements. The continuous
evolution of brake system design reflects the
automotive industry's commitment to enhancing
both vehicle performance and road safety.

From Fig. 1, in consideration of designing a
brake system for a vehicle while the vehicle is in
motion at any given speed, the braking action
introduces a delay. This delay can be analyzed
by categorizing the evaluation into three parts.
Part 1 examines front-wheel braking, Part 2
rear-wheel and Part 3

addresses braking,

investigates four-wheel braking.

Considering the braking force at the rear wheels:

|
. :W(y cosej
F b— uh

(M
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Fig. 1 Free body diagram of light-duty

electric vehicle

Considering the braking force at the front wheels:

Fp =W

.(cow(b—wwj 2

hu+b
Considering the braking force at the front wheels:

Fe +Fy = (s o)+ (1 R) (3)

where R_is the vertical reaction force between
the road surface and the front wheels, R_is the
vertical reaction force between the road surface
and the rear wheels, F. is the braking force at
the front wheels, W is the mass of the vehicle,
W - f/g is the average force generated by wheel
lockup, K is the coefficient of friction between
the vehicle's tires and the road, b is the
wheelbase, h is the height distance between the
road surface and the center of gravity (CG) point,

| is the distance from the CG point to the center

of the rear wheel.
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3. Control System Design

Light electric vehicles, such as electric golf carts
and bikes, are in the place of most people using
vehicles rather than cars and heavy electric
vehicles. Basic safety considerations are important
[10]. The researchers can then focus on the
hydraulic braking system. Since brake pressure
control has a significant impact on braking
efficiency, it has the advantage of increasing the
precision and speed of the system control response,
and it is easy to sense when the brake system is in
trouble [11]. In design research related to safety
systems, some factors must be considered, such as
the system's efficiency and speed of response. The
selection of the PD controller necessitates an
understanding of the technical characteristics of the
motor, as its parameters may vary over time [12].

In designing the PD controller used for golf cart
control, it is employed to regulate the operation of a
DC motor [13-15]. The notable advantage lies in the
ability to adjust the control bandwidth of the DC
motor. The selection of the PD controller
necessitates an understanding of the technical
characteristics of the motor, as its parameters may
vary over time depending on the usage scenario.
The control system's objective is to precisely control
the hydraulic brake pressure following the input
signal and align the DC motor with a second-order

system dynamic. The control system diagram of the

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2025.04.002

pressure control system is shown in Fig. 2. A
proportional-derivative (PD) control system with a

transfer function G, (s) can be written as follows:
G (s)=K, +Kys (4)

where K, is a proportional component and K

is a derivative component

I:’ref %

Fig. 2 Control system diagram of pressure control

G(s) Fout

G (s)

system

where P is a pressure reference and Ryt is

a pressure output.

The design of the brake fluid pressure control
system for light-duty electric vehicles has the
position of the brake pedal control arranged, as
shown in Fig. 3. The controller design can be
divided into two parts: the design of the plant of

the DC motor and the transfer function system.

3.1 Mathematical Model of the DC Motor

The mathematical model of the DC motor
involves determining the parameters of the DC
motor to facilitate the design of the control
system. The gain value K is the sum of K, and
K, [16], with the researcher knowing only the R
of the DC motor. The parameters of the DC

motor are shown in Table 1.
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DC MOTOR
Brake fluid
—(—
— Mechanical, --- Electrical booster,

Plunger bod

-- Hydraulic counterforce

Fig. 3 Motor positioning for brake system oil pressure control

Table 1 Parameters of DC motor

Parameter Value Unit
R 10 Q
Input voltage 24 Vdc
Load (Max) 500 N
Speed 13.5 mm/s
Stroke length 100 mm

This study focuses on exploring parameters

for a DC motor intended to control the oil
pressure in electric golf car brakes. The goal is to
develop a safety system for users. Therefore, the
analysis of the control system's performance is
imperative to establish a mathematical model.
Fig. 4 displays the armature's electric
equivalent circuit or DC motor model as well as
the

free-body schematic for the armature-

controlled, separately excited DC motor [16].
MATLAB Simulink requires the development

of a mathematical model to estimate parameters.

Fixed field

Rotor
Armature circuit

Fig. 4 DC motor model

The values of the variables will be simulated
using the model. Through simulation in MATLAB
Simulink, the researchers will enter the known
electric resistance value into the model and
determine the values of other parameters shown

in Eq. (5):

K
G(s) =
(J~L)83+(J-R+b~L)SZ+(K2-b~RjS ®)
where J is a moment of inertia of the rotor, b

is a motor viscous friction constant, K, is the

(]
electromotive force constant, and K, is a motor
torque constant, R is an electric resistance and

L is an electric inductance.
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System identification of the mathematical

model is essential to investigate the

relationship  between input and output
responses in the linear model's range. Given
Eq. (5), the mathematical model of the system
is Type 1. The PD controller is sufficient to
control the system to meet the designed
conditions with the knowledge of only one
parameter,R, which is 10 ohms, the
researchers need to estimate the values of
other variables from the parameters in the
In these

equation. the subsequent steps,

estimated values will be utilized in an
optimization process to determine the PD
controller using MATLAB Simulink program
parameter estimation with Arduino uno R3 and
MCT-HB-40A H-Bridge 10-30Vdc 40A. The
parameters of the model are shown in Table 2.

Fig. 5 Illustrates the pressure simulation
responses of the system. It shows the pressure
responses of the system with mathematical
the

the

identification from the model compared to

experiment. By incrementally adjusting

hydraulic brake pressure in steps of 50 psi,
starting from 50 psi to finishing at 200 psi, the
method involved a systematic progression. This
stepwise approach aimed to optimize and fine-
tune the hydraulic brake pressure to achieve the
desired performance or response in the system

error 1.36%.
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Table 2 Parameters of Mathematical Model

Parameter Value Unit
J 0.010178 kg -m?
K 0.40877 -
L 0.0039446 H
b 0.30469 N-m-s
250 - T T
—Experiment
2000 e Simulation | |

~
[
S

~
>
=

Pressure (psi)

0 L
0 5000

10000 15000 20000 25000 30000
Time (sec)

Fig. 5 Pressure simulation responses of the

system

In designing the Mathematical Model for the
DC Motor, the above-mentioned can be used to
create a closed system control system diagram,

as shown in Fig. 6.

3.2 Optimization of the PD Controller

The full dynamics, proportional control of the
position error, and proportional control of the
speed error are all included in the PD control with
gravity compensation control algorithm [17]. P-
Proportional and D-Derivative are the controllers
that are the most widely used control algorithms,
and the researcher chose P and D controllers for

control of motor range [18], as shown in Fig. 7.
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Js+B

Mc |
[

Fig. 6 Block diagram of the closed-loop speed

control of the DC motor

where V, is the armature voltage, I is the
armature current, @,, is the rotation speed (rad/s),
g, is the back electromotive force voltage (V), T,
is the motor torque (N.m), K, is the back
electromotive force coefficient (V.s/rad), B is the
coefficient of viscous friction (N.m.s/rad,) and T,

is the external load disturbance (N.m).

The destination of the control system design
is to create a system that responds to the
common inputs in a desired way. It is
preferable to have a transient reaction that
oscillates just enough but not too much. A
desirable steady-state response is one that

precisely tracks the desired output [19,20]
since the mathematical model of the equation
system used in the research is shown in Eq.
(5) in Section 3.1. Steady-state error for types
of input system is of the N = 1 system type or
Type-1; the selected control system was the

PD Controller type.
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Output
—

Feedback

Fig. 7 The PD controller — non-interacting form

schematic diagram

Since differentiating a noisy input leads to
significant mistakes, the derivative term is not only
undesirable but only roughly realizable. On the other
hand, an analogous controller without differentiation
is obtained if the output's derivative is monitored.
Therefore, in practice, PD compensation is
frequently possible. The specifications provided for
the closed-loop system and the choice between a
feedback controller determine how PD controllers
are designed. Fig. 7 displays the system block
diagram for a PD controller [19].

The parameters of the PD controller can be
determined by using the signal constraints of the
MATLAB  Simulink program. Parameter and
functional constraints limit the maximum overshoot
by 10%, the rise time is 2 sec, the setting time is 4
sec, and the steady-state error is 5%. The result of
this program is defined as shown in Table 3. The
data in Table 3 was used in designing the optimized
PD controller for controling DC motors. This data
can be used to create the control system diagram,

as shown in Fig. 8.
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Table 3 Parameters of the PD controller

Parameter Value
Kp 27.9606
Ky 32.0490

PD - CONTROLLER

27 9606

K|

N

) e
"
SUM

Plant

P
Pressure_output
@l Integrator
i

A
&t

Pressure_input

32.0480

Feedback

Fig. 8 PD controller diagram of pressure control

4. Experiments

Regarding the brake oil pressure control testing,
the researcher separated the experiment into two
stages: experimental setup and experimental and
simulation results. The latter displayed the system
setup along with the experimental steps and
compared the experimental results using actual
with  the results. The

equipment setup

experimental assessment employed statistical
data and the root mean square error (RMSE)

approach to evaluate the error findings.

4.1 Experimental setup

This section covers the experimental setup and
the control system's dynamic responses. The
experimental setup shown in Fig. 9 used a 24 Vdc

supply from the power source, which was directed
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Power Supply

Step down ‘
24Vdc to 5Vdc ‘ ‘ 24 Vdc
Microcontroller DC motor
Reference ‘ PD confroller

Pressure sensor Brake system

Fig. 9 Block diagram oil pressure control system

to both the DC motor and the microcontroller.A
step-down converter was employed to reduce the
voltage to 5 Vdc for operational purposes.

The DC motor was controlled by a PD controller
to manage the braking system, and pressure
readings from the brake fluid were obtained through
a pressure sensor using WER 5 Vdc. The
maximum pressure was 500 psi 2% FS with a
small output error. It had a complete surge voltage

protection function.

4.2 Experimental and Simulation Results

The tests were divided into three experiments:
constant, step, and harmonic pressure output.
Constant pressure output is shown in Fig. 10.
The comparison between simulation results and
experimental data involved setting the constant
value during the experiments at 100 psi.
Additionally, the PD controller parameters were
adjusted according to Table 3. The observed
discrepancy with  simulation between the
simulated error and experimental error RMSE

results was £1.85 psi.
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Step pressure output is shown in Fig. 11. The
simulation and experimental results comparison
involved adjusting the step time from 0 s to 300 s,
incrementing the final value by 50 psi at each step,
and setting the sample time to 0.01 s. The observed
discrepancy  between the simulated and
experimental error RMSE results is +2.56 psi.

Harmonic pressure output is shown in Fig.
12. The comparison between the simulation and
experimental by adjusting the settings with a
sine wave amplitude of 75, a bias of 125, and a
frequency of 0.125 rad/sec, the graph exhibits a
minimum point at a brake pressure of 50 psi and
a maximum point at 200 psi. The observed
discrepancy between the simulated and
experimental error RMSE results is £7.89 psi.

The
derived through optimization from the conducted
trials, with K, being 27.9606 and K; being
32.0490,

pressure for an electric golf cart. The brake

researchers used a PD controller,

to regulate the hydraulic braking
pressure testing varied between 100 and 500
psi while maintaining a steady 20 km/h speed.
That occurred to calculate the average stopping
distance between the time the system went on and
when the electric golf cart completely stopped.

Table 4 and Fig. 13 present the findings of the
tests. From the results of the experiments of all
three processes, namely constant, step, and
harmonic, the responses with the maximum error
values in order from the best to the worst were step

> constant > harmonic
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Table 4 Comparing the stopping distance of
electric golf carts with the brake pressure used to

control

Parameter (psi) Distance (m)

100 31.43
200 18.23
300 12.25
400 6.76
500 6.57
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Fig. 13 Comparing the stopping distance

5. Conclusion

The research findings included a
mathematical model for designing a PD controller
for the braking system. The error value, when
compared to the experiment, was 1.36%. This
value was used to design a system controller
capable of performing according to specified
conditions. In the constant brake oil pressure
experiment, there was an error of RMSE + 1.85
psi or a maximum error of 1.85%. The step brake
oil pressure experiment had an error of RMSE =
2.56 psi or a maximum error of 1.28%, while
the harmonic brake oil pressure experiment
showed an error of RMSE* 7.89 psi or a
maximum error of 3.95%. The experiment
measured the braking distance of the vehicle at a
constant speed of 20 km/h, utilizing brake fluid
pressures ranging from 100 to 500 psi; the
average stopping distances were 31.43, 18.23,

12.25, 6.76, and 6.57 m, respectively.
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Regarding this experiment, there is a future
trend towards developing an automatic braking
assistance system. This study suggests potential
advancements in brake control technology, aiming
to enhance the overall efficiency of braking systems.
Also, this design could be applied to larger vehicles.

In the future, the researcher expects that the
experiment of controlling brake fluid pressure with a
PD controller will be further developed in research
by taking the system control process and PD
parameter values obtained from this research to test
in real vehicles by adding distance measurement
sensors. It will measure the distance of obstacles in
front while the objects are stationary by observing
the relationship between the distance of the objects
and the brake fluid pressure controlled by the
control system and test the objects while they are
moving in front of the vehicle to test the system
response speed to see if the maximum efficiency is

satisfactory.
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Abstract: Trapping efficiency in microwell technique is influenced by both microwell geometry and flow
velocity. At higher flow velocity, microplastics tend to flow over microwells resulting in reduced trapping
efficiency. Therefore, decreasing flow velocity to enhance trapping efficiency is important. This research
introduces triangular obstacle trenches in front of the microwells to reduce local flow velocity leading to
the improvement of trapping efficiency. The simulation results show that two mechanisms must occur
concurrently to effectively reduce local flow velocity. They are the spreading of streamlines from the
apex to the back of triangular trench, and the suitable recirculation inside the trench. In this study, the
obstacle trench has dimensions of 600 um on each side with a depth of 300 ym while the square
microwell measured 1,000 um on each side with a depth of 600 um. The flow rate was at 0.3 ml/min.
Experiments confirmed that the use of triangular obstacle trenches significantly enhanced trapping

efficiency by 30 times compared to the case without trenches.

Keywords: Microfluidics; Microplastics; Obstacle trenches; Trapping; Microwells

The Journal of Industrial Technology (2025) volume 21, issue 1 http://ojs.kmutnb.ac.th/index.php/joindtech
27



1sarsivImamaluladana1unssu (The Journal of Industrial Technology)

-

UNAMNITY

1. Introduction

Microplastic contamination has been drawn a
great concern as a serious global issue with tiny
particles entering water supplies and human tissue.
Recently, microplastics were found within bodies of
human [1-2]. This finding sparked concerns about
the potential harmful effects of microplastics to
human health. In addition, microplastics can absorb
[3], and carry toxic contaminants [4]. These toxic
substances enter and then diffuse toxicities into
living human’s body resulting in detrimental effects
on human health including nausea, irritation,
diarrhea, vomiting and confusion [5]. Human may
accidentally consume microplastics through food or
water, and these particles can be found in bottled
water, inhalation and dermal contact, especially
from water sources [6]. For this, raising public
of contamination

awareness microplastic

by
detecting microplastics in water bodies is
significantly important to quality of human’s life and
environments.

A number of techniques have been developed
for microplastic detection, especially, for identifying
small amount of microplastics within large sample
volumes. These methods often demand
interdisciplinary across various fields such as
engineering, chemistry, biology and environment
science as well as access to advanced equipment,
specialized facilities and well-equipped laboratories.

To address these challenges, microfluidic techniques
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have drawn significant interest in microplastic

detection. Due to their versatility, microfluidic
technologies have shown significant promise and
growth, especially in water quality monitoring.

Trapping techniques are commonly used to
capture small particles in large sample volumes for
analysis through a light microscope. Among various
techniques [7-11], microwell trapping technique [12]
shows a great potential for trapping particles without
the need for external forces. Moreover, it allows for
the real-time detection of small amounts of
microplastics in large sample volumes.

The principles of microwell trapping rely on the
balance between two forces—gravitational force and
hydrodynamic force. When the gravitational force is
stronger than the hydrodynamic force, the particles
are effectively dragged and trapped in microwells
regardless of their shape. In contrast, when the
hydrodynamic force is stronger than the gravitational
force, particles are dragged out or floated over the

microwells, reducing trapping efficiency [13-14].

In real-world application, a microwell trapping
device can be directly installed in a water pipe to
capture debris and contaminants, particularly
microplastics from tap water. However, a high flow
rate in a water pipe may possibly result in reducing
trapping efficency due to the strong of the
hydrodynamic force as previously mentioned. To

address this issue, it is important to reduce flow

velocity locally in front of the microwells. Previously,
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the technique to reduce flow velocity across the
entire cross-section is preferred. However, it is not
practical such as microplastics may stick on a pipe’s
surface. Moreover, the hydrodynamic force exerting
on particles should be small before moving forward
the microwell in order to enhance the possibility of
trapping. Thus, a new method of reducing local flow
velocity in front of the trapping microwells for

improving microplastic trapping efficiency is proposed.

According to our previous studies, we proposed
the use of array of triangle microwells for particle
trapping. We observed that the microwells in the
first row were unable to trap particles well while the
second row successfully trapped most particles that
passed through. This observation led us to explore
how the first row of microwells influences the
trapping efficiency of the second row. We believed
that a local flow velocity reduction from the first-row
of microwells responds to the increasing of trapping
efficiency.

In this study, the triangular obstacle trenches are
introduced in front of the microwells to reduce local
flow velocity before microplastics are trapped. The
principle behind the obstacle trenches is that as
microplastics flow along the fluid flow stream and
approach the obstacle trenches, they tend to be
dragged into the trenches due to recirculation within
the trenches. Once flowing into the trench,
microplastics are eventually dragged out of the

trenches. In this stage, as microplastics are dragged

ISSN (online): 2697-5548
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out of the trenches to the surface, microplastics
tend to move slowly and roll on the surface at a
lower speed. This slower movement allows them to
be trapped easily in the next-row (microwells) as
shown in Fig. 1. In addition, the trench will not
introduce flow resistance as much as the other

structures penetrating into the main flow.

The purpose of this research is to investigate
the mechanism of obstacle trenches that reduces
local flow velocity, and analyze key parameters that
potentially effect the reduction in local flow velocity.
The research also serves guideline for alternative
trench designs to further reduce local flow velocity

for enhancing the trapping efficiency.

2. Systematic concept

Based on our previous findings [13-14], we
hypothesized that microplastics were dragged into the
trench resulting in reducing both flow velocity and the
distance from the surface as shown in Fig. 1.

In this research,
(COMSOL Multiphysics) is used to investigate the

mechanism and key parameters that influence the

an engineering program

reduction of local flow velocity. The governing
equations for fluid flow in this model are derived

from the Navier-Stokes equations, expressed as:
P(0u/0t) + pu-Vyu = —Vp + uVau

Here, P is the fluid density (998 kg/m3, U is
the dynamic viscosity (0.001 Pa's), u is the

velocity field, and p is the pressure field. The fluid
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flow behaves as Newtonian and is defined as
laminar and incompressible. No slip condition is
applied to the walls. The inlet's entrance is set to
be fully developed at 0.3 ml/min while the outlet
allows for no suppress backflow (Fig. 2).

To explore the effects of trench design on
these parameters, three models of obstacle
trenches—triangle, square and circle shape are
simulated to investigate the effects on velocity
and streamline after passing from them. We
found that the triangular trench allowed only
streamlines toward the apex moving into it. This

|Top View of Obstacle Trench |

."

Streamlines

High Flow Velocity

"% 0ut of Trench
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would result in trapping of a smaller number of
particles in the trench as showed in Fig. 3.
Interestingly, the streamlines at the back also
tended to move closer to the surface. For other
designs including square and circular trenches,
the streamlines at the front and the back
remained the same distance from the surface
with a large area of recirculation inside. Among
these designs, the square trench provided the
large recirculation. Consequently, it increased the
higher possibility for trapping a larger number of

microplastics.

|Top View of Microwell

Trapping

& & O
Dragging o Reducing Rolling Particles
@, v ((C®
Microplastics Local on q Trapping
into Trench Velocity Surface A.‘—

Obstacle Trench

Fig. 1 Working principles of obstacle trench and microwells to enhance particle trapping inside the microwells
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Fig. 2 Boundary condition setup for the model
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Fig. 3 Various designs of a trench showing the
possibility for trapping and the distance of
streamlines entering and exiting the trench

(a) triangle (b) square and (c) circle

Based on the ability to reduce flow velocity,
lower the distance of streamlines from the
surface and create small recirculation inside, the
triangular trench is chosen. Meanwhile, for the
microwell, the square shape is chosen due to the
large recirculation so that it has high possibility of

particle trapping.
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3. Proposed mechanism

We examined flow velocity and recirculation
patterns in a 3D model through the equilateral
triangular obstacle trench and square microwell. To
ensure the accuracy of the flow velocity results, a
mesh independence analysis was conducted by
progressively refining the mesh until the flow
velocity results reached stability. The mesh density
on the obstacle trenches and microwells are
customized with maximum and minimum element
size of 30 and 0.3 ym with the total meshes of
approximately 3x10° elements in this model.

We discovered that there were two important
mechanisms that must occur concurrently to let
streamlines into the obstacle trenches. The first
thing was only the streamlines moving toward at the
apex of triangular obstacle trench is allowed to
move inside. Other streamlines that moved toward
the inclined lines of triangle would not go into the
trench. This is a unique flow pattern for a triangular
trench [13-14].

Secondly, the streamlines moving toward the
apex were recirculated whose strength was
depended on the shape and depth of trench. If the
trenches are too shallow, the recirculation will not
occur. Therefore, the microplastics that are
suspended in the flow will not being trapped but
dragged out from the trenches (Fig. 4(a)). However,
if the trenches are too deep, most microplastics will

be trapped within the trenches instead (Fig. 4(c-d)).
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For this, the depth of the triangular obstacle
trenches should be deep enough to create sufficient
recirculation to reduce local flow velocity instead of
trapping microplastics. Therefore, the depth of
trench is one of the crucial factors that can influent
either reducing local flow velocity or trapping

particles.

A. Depth and flow recirculation

To determine the appropriate depth, triangular
trench of 600 uym in each side with four different
trench depths were examined. The results
showed that increasing the trench depth, the
recirculation became larger. However, increasing
depth beyond a certain depth, it had no effect on
recirculation. Therefore, the trench depth should
remain shallower than the critical depth.

According to the simulation, we found that the
trench depth of shallower than about 300 ym did
not generate recirculation (Fig. 4(a)) while a
depth of about 300 ym was sufficient to induce
strong recirculation (Fig. 4(b)). As the depth
increased beyond 300 um, recirculation became
larger until it reached to 600 um. At this depth,
recirculation extended to the bottom of the trench
(Fig. 4(c)). Beyond 600 uym depth, a large area of
recirculation occurred but its size remained
constant and no longer correlated with trench
depth (Fig. 4(d)). Based on these findings, the
trench depth was set at 300 um about the half of

the triangular trench side that was set at 600 pm.
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':(a)

Using same concept, a 1,000 pm square
microwell with varying depths was simulated to
study recirculation. At a depth of 200 pm, a small
recirculation formed at the front of square
microwell (Fig. 5(a)) and gradually increased as
depth (Fig. 5(b)).

At a depth of 600 pm, streamlines became

the microwell increased
fully recirculated within the microwells (Fig. 5(c)).
This suggests that the depth of 600 pym was the
critical value for particle trapping, as it is
equivalent to approximately the half of the length

of the microwell's side. Once the depth surpassed
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600 pm, the recirculation pattern remained
unchanged, however, the recirculation zone

continued to extended as the microwell depth

increased (Fig. 5(d)).

B. Distance of streamlines from a surface

Furthermore, we analyzed the distance of the
streamlines from the surface at the front and the
back of the trench. The distance of streamlines
entering the trench was determined by plotting
streamlines at the center of the trench (apex) on the
x-z plane. It was discovered that the streamlines
were separated into three distinct distance regions.
In the first region, streamlines were recirculated into
the trench. In the second region, streamlines
entered the trench but did not recirculate. However,
in the third region and above, streamlines flowed
over the trench as shown in Figs. 6.

To measure the distance and velocity of the
streamlines at the front and the back of the trench,
the farthest distance of the streamline from the
bottom surface and its velocity magnitude in each
region was measured. The results of the 1% region
(Fig.6 (a)), showed that the distance entering the
trench was approximately 45 pm at velocity of
2 mm/s. At the exit, the level of the streamline was
reduced to approximately 20 ym at a velocity of
about 1 mm/s. This suggests that the distance of
the streamlines and the local velocity were about

half decreased. At the back, most streamlines in the
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Fig. 6 Streamlines in three regions flowing toward

(a) an equilateral and (b) right-angle

triangular trench

1% region spread out from the apex to the corners of
the triangular base.

In the 2™ region, most streamlines with the level
between 45 to 85 uym from the surface were curved
into the trench to the depth of 100 uym and then
exited through the middle of the trench at a
maximum distance of about 45 ym from the surface
without recirculating. In the 3™ region, above the
level of approximately 85 ym from the surface, all
streamlines remained above the trench.

Furthermore, at the level of approximately
45 um (1% region) from the surface, only streamlines
within the region about 50 pm around its apex

entered the trench. These streamlines expanded to
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a width of about 500 uym at the back of the
trench. This is a reason that flow velocity and the
suspended particle’s velocity would be locally
reduced after passing the trench.

To investigate the reduction of local flow
velocity with different designs, a right-angle
trench was simulated and compared with the
equilateral design. The right-angle trench was
designed based on the equilateral design but
increasing the apex angle from 60° to 90° while
maintaining a constant triangle altitude (Fig. 6
(b)). The results indicate that both streamline
level and velocity at the exit of the right-angle
trench were reduced as well. Streamlines that
were located at a longer distance from the
surface were included in the 1 region when
comparing to the equilateral case. In the 2™
region, entering streamline was approximately 60
um above the surface. Regarding velocity, the
entering and exiting streamline velocities were
found to be similar for both designs.

The results suggest that the right-angle trench
would enhance the recirculation of particles inside
the trench more effectively than the equilateral
trench as it pulls fluid from a farther distance into
the trench. However, the reduction in velocity

magnitude is comparable.
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Furthermore, at the level of approximately 60
um (1% region) from the surface, the streamlines
entering and exiting the trench had the widths of
about 80 and 1,000 um which were wider than in
the equilateral case.

To summarize how the triangular obstacle
trench successfully reduces local flow velocity,
Fig. 7 illustrated streamlines in the 1°' region with
the velocity contour. At the front of the triangular
trench, microplastics are dragged (position 1) into
the trench with the velocity decreasing. As can be
seen, they then recirculate at the bottom (position
2) where the velocity significantly dropped.
Microplastics continued flowing along the
streamlines (position 3) and are eventually
dragged from the back of the trench to the
surface with the lower local flow velocity and

moved closer to the surface (position 4).

Fig. 7 Velocity contour with the possible particle

movement at four positions
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4. Prototype of obstacles and microwells

To evaluate the efficacy of obstacle trench, an
experiment is conducted by introducing triangular
obstacle trench in front of square microwells.
The number of particles trapped in microwells then
counted the

is to evaluate and compare

effectiveness of trapping.

A. Design of the system

The microfluidic system is fabricated using a
polymer-casting technique. The microfluidic channel
is designed in a chamber with 15 mm in width and
65 mm in length and 600 ym in height as shown in
Fig. 8. One reason for extending the chamber’s
length is to ensure that the fluid flow from the inlet
to the outlet is fully developed before reaching
obstacle trenches.

The chamber's central region is divided into two
sections. The first section is obstacle trenches
which are designed in equilateral triangular shape
with 600 pm in each side and 300 um in depth
(Fig. 9(a)). In contrast, the second design is a right
triangle with a 90° apex angle and 300 pm in depth
as demonstrated in Fig. 9(b). The second section is
microwells which are designed in a square shape
with 1,000 ym in each side and 600 ym in depth as
showed in Fig. 9(c).

For the alignment, obstacle trenches and
microwells are arranged in a chessboard pattern

with six columns and three rows. This pattern is

designed to minimize flow disturbance caused by
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Fig. 8 Dimension of microfluidic device

Fig. 9 Dimensions of (a) equilateral triangular

trench (b) right-angle triangular trench and

(c) square microwell

adjacent trench structures. The first row consists of
triangular obstacle trenches while the 2™ and 3"
rows consist of square microwells. The distance
from the apex of an obstacle to another is 1.6 mm
while the distance from the base of a triangular
obstacle trench to the leading edge of a microwell

is 2 mm.

B. Fabrication and sample preparation
The mold for polymer casting is fabricated using
a 3D resin printing technique. Polydimethylsiloxane

(PDMS) are mixed together with a curing agent
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(CAT-RG) in a 10:1 ratio. After that, vacuum pump
is used to eliminate air bubbles from the mixture.
Later, the mixture is carefully poured into the mold
and then heated to harden leading to the formation
of flow chamber and microwell part.

Both parts are then bonded together using the
oxygen plasma to bond the upper part (flow
chamber) to the bottom part (microwells) together to
enclose these two parts as an assembled device.
Finally, the assembled device is connected by
microtubes (inlet and outlet). Fig. 10 demonstrates
the actual microfluidic device and microplastics are
trapped in a microwell.

For sample preparation, polystyrene beads of 10
um diameter are suspended in deionized (DI) water.
Several trials are examined to determine the optimal
concentration of beads to achieve low level of
uncertainty in experiments. Finally, the concentration

was chosen at 5 x 10* particles/ml.

5. Experimental results

A microplastic suspension was introduced in
microfluidic system at 0.3 ml/min for 10 minutes.
The number of microplastics was counted using a
light microscope and tally counter. To understand
the effects of obstacle trenches on the trapping in
microwells, three designs of trench models—
equilateral, right-angle and no obstacle (control)
trenches were examined repeatedly three times.

The system consisted of six obstacle trenches in

the 1% row followed by six front-microwells in the
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Fig. 10 Microfluidic device and microplastic beads
of 10 ym trapped in wells
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Fig. 11 The average number of microplastics

trapped in three experimental cases

2" row and six rear-microwells in the 3™ row. The
total number of trapped microplastics in each row
was counted and averaged to determine the
trapping efficiency as shown in Fig.11.

According to the results of equilateral triangle, a
small number of microplastics were trapped in the
obstacle trenches averaging about 37+11 particles.
In contrast, the majority of trapped microplastics
were found in the front square microwells (2™ row)
with an average of 142437 particles and in the rear
square microwells (3 row) with an average of

126432 particles.
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For the right-angle design, most microplastics
were trapped in the front microwells (2" row) and
rear microwells (3™ row) averaging 160+4 and
116110 particles, respectively while the obstacle
trenches trapped a small number of particles with
an average of 6216 particles.

In control case, there was no obstacle
trenches introduced in front of the microwells. A
small number of microplastics in the front and
rear microwells (2" and 3") were comparably
trapped. The number of microplastics in front
microwells averaging 5+1 particles while the rear
microwells averaging 7+1 particles were
significant lower compared to the equilateral and
right-angle trench design.

The results suggest that the amount of
trapped microplastics in the microwells with the
triangular obstacle trenches was about 30 times
higher than in the control case. Furthermore, the
right-angle trenches showed slightly higher
particle trapping efficiency than the equilateral
trenches.

According to the simulation and experimental
results, the triangular trench demonstrated a
reduction in local flow velocity, that would be able
to enhance the trapping efficiency of microwells.
Future research should focus on further
improving the trench designs and developing their
potential for industrial purposes and commercial

applications.
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In addition, further studies could investigate
alternative fabrication methods and examine how

the sizes of particles influence trapping efficiency.

6. Conclusion

In this study, we proposed the mechanism for
reducing flow velocity using triangular obstacle
trenches in microfluidic systems demonstrating in
both simulations and experiments. This velocity
reduction is achieved through two key processes.
Firstly, fluid flow is directed toward the apex trench
and spread out at the back of the triangular
trenches. Secondly, the trench must have an
appropriate  depth to generate sufficient
recirculation, and avoid the trapping of particles
inside the trench.

To validate the simulation, the experiments
were conducted by comparing equilateral, right-
angle trench to a control case. The experimental
results showed that the use of triangular trench
increased trapping efficiency by 30 times
compared to the case without trenches. However,
the trapping efficiency results between both
designs were comparable, with no significant
differences in the number of trapped microplastics.

Ultimately, we hope this study enhances the
understanding of mechanisms and key parameters
for reducing local flow velocity in the obstacle
trenches as well as helping readers to
appropriately select parameters for higher trapping

efficiency.
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Abstract: This research investigates the effect of crystalline waterproofing material (CWPM), namely mixing
type (CM) and coating type (CC), on reducing porosity and water absorption in mortar. To determine the
optimum use of CWPM in the mortar, tests were conducted at water-to-cement (W/C) ratios of 0.3, 0.4, and
0.6. Tests included porosity, water absorption and finally compressive strength, as well as investigating the
chemical compounds in the samples to confirm the effects of using CWPM. The amount and applied method
of CWPM as the manufacturer's suggestion were used to produce mortar samples, after 40 days all set was
wet cured for 30 days before test. The results showed that CWPM both types of significantly reduced porosity
and the consequent water absorption, but differently. The W/C and type dependent were clear. The lower
W/C and mixing type yielded better porosity, water absorption and compressive strength, compared to the
control samples. Both cementitious CWPM type samples showed the more pronounced peaks of CaCO, and
Ettringite (AFt), especially calcium aluminate silicate hydrate (C-A-S-H), more clearly than the control samples.
These results support the enhanced characteristics in both short-term and long-term curing, particularly by
improving water resistance and reducing absorption rates. Specifically, the use of mixing-type CWPM with low
to moderate W/C ratios (0.3 to 0.4) showed superior results, while coating-type CWPM was more effective

with high W/C ratios (0.6) compared to lower W/C ratios.

Keywords: Crystalline waterproofing material; Mortar properties; Compressive strength; Porosity; Water

absorption
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Abstract: This research focuses on the development of cement boards using hemp core as a fine aggregate
substitute combined with cement as a binder. Five mix ratios were designed, consisting of cement: sand:
hemp core ratios of 1 :2 :0.11, 1 :2 :0.12, 1 :2 :0.13, 1: 2: 0.14, and 1: 2: 0.15 by weight. The physical and
mechanical properties of the cement boards were evaluated according to the Thai Industrial Standard (TIS)
878-2566. The results showed that the density of the boards ranged from 1,752 to 1,783 kg/m?3, while the
moisture content varied between 2.37% and 3.75%. The flexural strength was recorded at 5.18 to 6.81
kglcm? at 7 days, and the tensile strength perpendicular to the surface ranged from 0.11 to 0.18 kg/cm? at
7 days. The moisture content and swelling values complied with the TIS 878-2566 standards. However, the
density, flexural strength, and tensile strength perpendicular to the surface were below the specified
requirements of the standard. This is attributed to the porous nature of the hemp core, which reduces the
bonding between the cement and the hemp core. The decreased contact area between the cement matrix

and the hemp core resulted in reduced flexural and tensile strength as the proportion of hemp core increased.

Keywords: Hemp Core; Cement Board; Physical Properties

The Journal of Industrial Technology (2025) volume 21, issue 1 http://ojs.kmutnb.ac.th/index.php/joindtech
58



1sarsivImamaluladana1unssu (The Journal of Industrial Technology)

’

UNAMNITY

1. UNAI

uHuTuduasanso lioadwud [Dunaan
ﬁI“ﬂ%ﬂﬁﬁaa%nﬁwuﬁu%ﬁ]gﬂuaﬂ%lﬂu
gaudsznavvasiwdan mansnaadunulunis
Aoseadld Wosanfisuinanlfidumiounums
riefganuyu Ssuriududuesaiinssuisnsnda
Tagldidwlganlaiunuiionduswlsd uindwnd
vafaudsladu 3 ofia laun 1. unwiguladoa
Fiwud wiadde158n31 Wood-Wood Board w38
Wood-Wood Cement Slabs (W.W.S.) ututasldsa
Sndaialtorunaly 2. uintwldsadune
(Cement-Bonded Particle-Boards) % wlday (Wood
Chip) ﬁlﬁﬂui’mqﬁu JaunuILkhn (Density)
79§ 1,250 Ailanswdagnuiatiuas dunasgn
BN.878-2566 [1] WHnstu T8 d LnG AR LI
g9 unz 3 udulolaidadiuud (CementBonded
Fiber Board) finssu3snsnaaudsniuuiugulsy
sadud udlfiduwlomnliunuiendusuls ln
Tagtunfadmaiunufinuduasannidulyld 53
Vl,sjﬁmmgm’lmmﬁmu@qmmwmaﬁaqﬁaz‘lxﬁwﬁm
lhdulosiiadn 9 1w ligaAdds @uloan
& usines WINEAINEWINIUBUNUA YT [2]
awgﬂﬁﬂmlﬁuamﬂmﬁaﬂmmmﬁuhﬁ"lﬁmn
wilo@u (Asbestos) N arsuad wldnuanin
sowasauduagnenn [3]

Tudsandlng Ayss (Hemp) sanduimaulod
faud@luduanuiondu anuudus uazainy
nunugsmansnaiydulalddluaniwwiadoy
yogdszndlng uazlsusalwigndusmwuesani

wasuuladldd e 9 nemeawmiaded

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2025.04.005

miktiawlonsdwuasdunyssnwan g
wWulgnarn aanmadnswuidwlonyoaduau
1ﬂﬁﬁqmmw§d fanutangn wiiusuasnunn
sunmalfiduiagavlummiediuaznizanwldd
fagmaiwdninduloandiouazfiu e
wWisuifisudSinauduloannsdgnigsanums
Uande Agyzaezlinanianinnitdie 2 i3 3 i
wulsdyadasufunumadyluaaagule
srsnTAuszuenmitannidulonds dudu 9 189
AT LE t{'m”ummwﬁ@ﬁ'zym (Hemp Seed Oil)
gegnu1sadrunltdselosivinduernisaiu
138981819 insunensnng agslsfiaunaiann
UREATRIREIR IR IR T AT Fandadanlai
sansanin llgUsslosdle Aa aruvasdnduuaz
WnuBaIGUATYTI Dedadusanaz 70 19 80 B4
wawﬁmvﬁ%uﬂmaaﬁuﬁ'ﬁym [4] @Taifuﬁ?ﬁ'ﬂﬁmﬁmﬁu
iwmsﬁﬂzﬁ'}Lmuﬁ'tym‘f':muﬂigﬂLﬁalﬁuga@mm:
iunuiyzanldlslomii GERGPHELIBIR QYR
Taqod19dUszEnTaaw (Zero Waste) Taln
gl szine [5] Vlﬁﬁwd'su‘ﬁ'mﬁa@“’andnu’nmigﬂ
uwiagrisssradhuitau laslawzmabhdiwmie
pasngmanndusrunaunan lunsidiuwnanly
aaunia [6] uaniduizanauniliinorsumna

Tagdumainisauandinwanldludunas
ABUNIALA DIHIWNTTLIBNILTUU I hau @
189 Wariudssnsniwansranzvasdule
ﬁﬁumﬁlﬁﬁifmm:mmmmamsﬂﬁmﬂs:qﬂ@ﬂ%
A fesanlasssumavesdulysiumaesd
psfUsznauaun 9 finennitenniduly da \maglaw

(Celluloses) 8an# % (Lignin) LWN @A % (Pectin) La

The Journal of Industrial Technology (2025) volume 21, issue 1

59

http://ojs.kmutnb.ac.th/index.php/joindtech



1sarsivImamaluladana1unssu (The Journal of Industrial Technology)

’

UNAMNITY

\afiimaglag (Hemicelluloses) %mflummq%é’nﬁﬁw
Twnstamelaid é’mﬂuwammnmsﬁi’a@;%amw
@ﬂ%umm%mmvh” UAZEINADIFNUALTINALaTIN
vasiaquizauldaaiasaslddae (7] uazain
MIANINVRY FNTBLATAT [8] wuinddanaaiwlu
maybudulosyamdudszgndlfiduwizguzau
LazEIEN130T 89N wAMULFI R TLAAIINNNS
asvasunasuazgnin luldanudsnislueans
waltifianusrsay nawnwmsldld faanw
ﬂaa@ﬁ'mia;ﬂ“ﬁua:ﬁ'umwﬁau Snvesed
UIzENTAIWT1IU IR AWRIITHURZAAYWI A
ivsinlassaamasenmsadle

NUIR Uﬁ%dgjdLﬁuﬁﬂﬁﬁﬁaﬂawuLﬂu"l,ﬂvlé’l,ums
WununyoINndwit a@;ﬂi:mu‘ﬁ'ﬁ RUUA L‘ﬂuﬁ‘aqﬁ
iwiinun nsmuiasiudasdesswnaday [9] oy
navaImMIanEnazdulslamiagsunniianuisa
w”mml,ﬂuwﬁ@n”meﬁﬂmLmuvl,ﬁé'@ﬁm?ﬂwa@mﬁu
LLazfs'mLf,ﬁum‘sﬂgﬂﬁuﬁmﬁﬂuamﬂmﬁaﬁnmLﬂu

2% a@qmatﬁanluéﬁmmﬁ LA

2. 9599y
2.1 3aqii3%8
211 Taguszan
YuBuud (Cement) 15 udiuud laasadin
(Hybrid Cement) H@107100298 1 W12YINNY 2.94

R FNLAINNNGTIIN NON.2594 [10]

212 wnuNwwd

WNUATYTI (3UN 1) NE0TUITBUAT AW

A A A

NWHN gﬂ"ﬂflﬂﬂqdﬂflﬂL%%ﬂ”ﬂﬂ\’iﬂigﬁl,ﬂﬂvlﬂEJLLNZ
a
N

ANNNMNTIILN LLazm’]meLuuagﬁ 0.6 LR

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2025.04.005

120 AlanTudagninariuas [11] lasshansaudin
AZUNTIVWIA 9.5 aALNAT (3/8 T2) waalFununy
TINVWAA9ALUNTILDT 4 YninNialanuiasu

SHGHG

2.1.3 WA
a A9 o o ¥ A
¥Iasvazdanttidunowdindauia
' & A a R ¢ o
Hauazunsy was 4 felidnisgadusiniauas
0.54 LLa:qu@é’amwauﬁmmﬁwﬁ'n 2.27
lagnIAnaT0INIAIINALBIANINNIATIIN

ASTM C33 [12] uaadeszuil 2

100 ™ T =
g % pe g
o 80 l /_.’
Bo , ‘
g 70 4 i
£ 60 EalV A
E‘" A0 I{ / ‘,
E 40 7 / .l
& 30 A //fv‘l —t—Swd [
@ L -
_l% fg "i A' — = — — asTMCH | |||
g o _My
01 1 10

Particle Size (mm)

311 2 TUAARVBINIATINAZLALA

The Journal of Industrial Technology (2025) volume 21, issue 1

http://ojs.kmutnb.ac.th/index.php/joindtech



1sarsivImamaluladana1unssu (The Journal of Industrial Technology)

’

UNAMNITY

21.4 FEVSHANNN
¥ a .. A o %
RIINAUIVNLAY (Superplasticizer) N RPRIE
fio ADVA CAST 2727 1 ug13Usznaulwfiwes
(Polymer) isanuunanlinunuiidasmsfiiadags
Tug9du lwanusiuisalumswaaabaa lapyin

‘il :l s = 6 a A

MINENN 1% VoIIAENL WU msagmuwvla
a5an'lT6 [ASO,) wazaITuAaLTaNTalW @
[Ca(OH),] %111l E8 @181 ALSO,), : Ca(OH), =
21 : 42 wWasiud lastinninuasunuianwinaidn
ﬂ’ﬁﬂ%’ﬂﬂgaﬂmauﬁﬁi’a@; wnwLaNW Ao wiun 1T

AIWINLVDY Saksith LazA [2]

] 1A 6 €
2.2 EIMHANUANRTIIRA LD IA

DONULLRIUNENTBILHUTINBALDTAINUNL
nymwiuyuduudduizgUeau waltluns
P 3 % ) { o o
Jugduaznagaunidanaininunzandniy
W lduszland lagldaanuuuandanaiusas

oA 3 & Aa a o = %

uwuBuduefaffidTanaunuiysanige ud
F9laaalSu eI UN Y TIRg AnlaoasaIw

NIRNATIN 5 DATIEIB AIANTIN 1

A1319N 1 BANFIUHINVDIUNUT LU UAUETAN

wnunps (laesimin)

A28819 v ne unw W)
Nz

H11 1 2 0.1 0.48

H12 1 2 0.12 0.48

H13 1 2 0.13 0.48

H14 1 2 0.14 0.48

H15 1 2 0.15 0.48

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2025.04.005

2.3M13A38NA28 19N INATDL
HNNMINAFOURNUANIMEMNLAZRNUANING
VOILNUBAUALITANINNIATIIN W 8N.878-2566
Basurndulisaf g - AMWAWILUUGI Tunsiaz
oM nasevazldalatnidiuim 3 fra819Ne
dudnadslunsmasey Gisutandemagauaa
1A% NaN.878-2566 # azsznovldan ana
WL, AANTH, N1TNBIGE auTHin, AW
FAUNIBUTINA LAZANNFIBNBUTIAIAIDNT
Rt I@wgu@mum?fugﬂLLNusTjLaJu@Tua‘?@ il
1. 193DULULURE00ASAALNUTINUALDTA lasm
EMUULTLURRB02A3AA 1A 30 x 30 x 1.5
LTUALNGT
2. SUNEIRNRNIMIDUHUT I UGUaTA NI lT
wnungy TR uBuud (OPC) Llwiaquszan
MUNIBBNLUL
3. wawswaan lWI TR oIS asHENAaUNSa
4. thdmnsuREtuausu s lwuuesasan
Lﬁaifu;imﬂmmu%muﬁumf@ ﬁqmﬂﬁﬁﬂﬂaua:ﬁa
13 24 2las auurinFndUaauda
5. Wuruduuduaiannunungysefildainns
neauuUarAsAnTauTaud tuunluanmeadn
J2LIMNA 9 10UA 7 14 Uaz 28 T4 MUSALLAZ
nmMInagauantacg  da 'kl

2495MMNARDUANLAAS 9)

241 @NMARWILKK
TeiwknuauHUTI UG UaTANMIlTUNL

o 1 a a 6 s >

nyssnuAulwinudiduizaleamuusziouwa

AUNI AMNENING 4 GIURUINIABALI WA

FLAUGUDTA LAIAIANRRLANAL LI

The Journal of Industrial Technology (2025) volume 21, issue 1

61

http://ojs.kmutnb.ac.th/index.php/joindtech



1sarsivImamaluladana1unssu (The Journal of Industrial Technology)

’

UNAMNITY

242 ANNTH
Il a 6 6 L% a

UHWT LN BAUasa NN Tl TUN WAL T
' o A & o A
iquﬂuﬂ“umuu@Lilma@;ﬂszmuﬂmumsmaau
AMUARILUUNILE ﬁwmlﬁﬂ”wﬁauﬁqmmqﬁ
103+2 IANTALTUR IBAUNINBNAIN Aa hnnn
YDILHUTINUAUDTANTI 2 AT HI9NH 6 T LN
d9nulaiiniossar 0.1 uarUassliurudiuud

UBSALIUAIAILALINNNSTITNRINAIALRRY

2.43 MWL aUBUN
Bunudiunduasaannnsltununi s
i'auﬁ"ugw?'jmmﬁﬂui’a@;ﬂszmumi’ﬂm'}uvxm
POIUHUTLUNAU SR 44 GUnII LEINALBRY
uanunsndawitmsutluingzana Tagsinueis
Sumduofautlwihazonadunan 24 5alus fiow
dansumsaratauaztaasian lilwuiiasy 2
F2lug IiannurmasuTiuasmeLaae

244 AN UNIBUITIAA

MILHBTIIRAUaSa NN T TN WAy T
' L a 6 s 1 a
Punuyuiaudiduwizguzmuuuiriuissiua

4 ) ° 2 '

LAFBING I@zfl,‘mLLian@ns:muuﬁ;@maﬂmwaau,wu
Frunauasa laglaaInn1sNuwIInaaeid
AN OLAL T IIRIAILALTNNAIUNTEN TN
a 6 6 @ @ K2 ' Aa a ' Il
FUUAVDIALANRNA DI LEBENIN 30 FUNTiwe 1
WK 120 FUNT MTEIAIANNATUNIILIIAALFAI
AIRNANTN 1

[ s < AAa o
2.4.5 AMNANBNIBLIIAIAIRINNHIAN
a 1 = 6 6 £2 a
Wwisnuudunduasaannsltunwiy T
1 el a 6 = ™=
s’mnugumuumﬂu'sa@;ﬂs:mu YUIA
5x5 LTUALNAT LNOAANULNULARNLNAN TU1A

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2025.04.005

5x5 LuALNAT NITaNAANULRANT 888 DB 12
A3 817 30 lruAtNas laslaniigaasieyt
a & Ada & ' =2 @ oA &
AWRINTNAWIITANINAITLIIDALUAI LN WD LN UG
& o v a = )
vasauazin lUitaIeinasauwsIfg (Universal
. . A v 1 =
Testing Machine, UTM) G9azlAubudiunduasa
LENBNIINAWIRTU T 80IINITIANNLIIAIG D
sinanauazltiaa lasndn 30 Fuinue Lutin

120 Sw7i @T&melugﬂﬁ 3

311 3 NARDUAMNIUNWLIIAIAIRIN

IW1
2bf2

f A0 ANVAIULTIAG LT IMUNZWIRAR

(1)

f=

W fa LLiﬂﬂﬂgﬂg@ﬁﬂﬁuﬂmauﬁ'ﬂ@T Wuiian
) s:mvx’wswdng@guﬁﬂmwaumu
093U (udiafiuas

b Aa anunsastunasey Wudaswas
dée aunuIaigrostunasey n

JRRLNGT

The Journal of Industrial Technology (2025) volume 21, issue 1

62

http://ojs.kmutnb.ac.th/index.php/joindtech



1sarsivImamaluladana1unssu (The Journal of Industrial Technology)

’

UNAMNITY

3. HaNIINAFDY
3.1 ANMHAN LI
AINITNAFBUAINNAR I UYDILH T LU UG
[ L% . ' a a 6 a
uammnﬂﬁlml,ﬂummjoﬁuﬂugwmuumflma@;
U281 LLaméi'a;nJﬁ 4 1928879 H11 Td1au
' a o & A A,
ARULUY 1,783 ﬂIﬂﬂi&J@]ﬂQﬂ‘U’]ﬂﬂL&l(ﬂi Fadan
VINNINNIAIFIN WaN.878-2566 larinnuaan Ly
NUIANAMUAWI UV BILHUT LN UAUDTAN T NNT
NENLNWN T 3z WU ud L nduasaiiaiw
] lﬂl l&’ 4 = Qs
WL FIT% WalAs A3 % Nan.878-
2566 N1 UA AN A1T=®3I19 1,100 A9 1,300
ﬁIan%’w@iagﬂUWﬂﬁLm‘i Imﬁmwwmuuugmdw
fisifiay 1.3 Wi annwiasgiuivue natdu
LWi']f:mmriNi‘hLW'lwaaa’mwauﬁ@iawﬁwga
laun gw’fﬂ,mmf WINAL 2.94, N8 WINAL 2.67WaS
WNWATQTI LAY 0.6 LANAIINUH KT a0
a & & Aa o & & v A
Fraunanlundarunaunaniduwsuly Tadiw
B89N 0.6 D19 1.1 [13] INNIWILVD
Ardanuy Lazamie [14] laduduiisnnunuwiuiui
& o A o = v o
FIUUVD) a@;ﬂwaumulﬂw’n Tasanizmsltigwle
W 1w wulonnaaglag wiewad [8] Tuisg
%LuuﬁﬁﬁﬁlﬁfaqﬁﬂawuLLidLLNLLa:mﬂwmuuu
AI A/ 1 v 1 1 ] v
VAU B AL LY IAIANU R UL b be
WaldluAaniadoinuoudunaitasnnain s
N8R IUNUN YT lEuNENNY Ll FiLaua
ﬁﬂﬁmaﬁuﬁﬁmmvﬁmLmugan'j’m%mand’l
UFNMHAU RINARANAWILUYBILA A9
AL 19N AANAINY Lﬁml,ﬁﬂﬁaﬂ%aayﬂwﬁw

1,747 - 1,783 filaniudagninarniiuas

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2025.04.005

1790

1780 1772

1770
1760

1760 1752

1750

Density (ksc)

1740

1730

e

1720
H12

H13 H14

H15

Eﬂﬁ 4 ANURNLUUTBILNUTIIUALBT AT LT
wnunmTwiuYwBuddwisglssam
‘ﬁ'mqmiﬁu 28 1t

320038 %

gﬂ‘ﬁ' 5 UFAIFNANUT U BIUHBT I UAUESADN
milsunuigysenwivydufundiduizglsza
wuiwﬁmmw%uaglj'sl,u'*ﬁ’m'i:mwﬁama: 2.37 §9
3.75 dadudranugwidarliunsnuasdsly
a1ufua3gI% 1an.878-2566 larinuaien’ly
32WIIToUaz 9 B9 15 INMINAFBLAINANIFING
IenAnanus usasuiududuasaanmsltunsy
ﬁ'mw’mi"sMﬁ'ugW'E'quﬁLﬂui‘a@ﬂszmmzﬁmLﬁu
WndwEntian nnUSInunuiyTiinaunele
UHBTLIBAUETA LT UM NS DILNUATY
mﬁﬁgw?‘uagﬂw [15] ﬁﬂiﬁﬁﬂwsazauﬂ'sm%uag
moluurndniuase uadianutuasnasdl
drldgaannuazlndifoanu Tagfananuduirinny
oz 2.37 Aidamauunuiys 0.11 minmafu
drad1anTanistuunudiuuduaiaaglu
ANTWLIARBNT AT UFUNNEALANAIT % 92
fanadoANaNuTuasTasng ldFInal AT
I Senfinandani 6]

The Journal of Industrial Technology (2025) volume 21, issue 1

63

http://ojs.kmutnb.ac.th/index.php/joindtech



1sarsivImamaluladana1unssu (The Journal of Industrial Technology)

’

UNAMNITY

.99 9 7
o007
ARBR

311 5 anudwsesHuTINudUasaI MM ITUNY
% ' 2 a 6 a
nyrsiwnuuduudiduiaguezan

ﬁmqmi 1y 28 1%

3.3msnasaiiougiin

gﬂﬁ' 6 UAAINARNEAINNTWAIAIN IRNAS 3T AN
ag3zninedauss 0.22 14 0.44 MWNINTZIH VN,
878-2566 Lag/ lannuaian li31azdasddainines
&1 Liifiusess 2 :InranInagauNMInasnILile
LL’ﬁ‘&’l?lE]GLLN%‘EL&I%@TUa§ﬂ%1ﬂﬂ1§1fLLﬂuﬁmw%G
Tty udwndiduizquszan feAndn
wnasanulSunnunuiysafinauasly Taoden
mMInasaaTanar 0.22 AsaMEIUUNA YT 0.11
%{lLﬂu@hﬁmumummgm 4an.878-2566 113t
suasumawasdaudioutin diflanuiayda
myhanlfidunismonenanmsiaassudaiunn
wazaMuTua9ann [16] lagannmsdnunnusse
2849 Karimah Wazase [17] waadldiimnin nsls
TEQTInW iU unuiy e wia nasldnan
NEANLWTI [3] ﬁwa‘Lumia@mi@ﬂ%ummﬂﬁuua:
MINBITIBITIUAUDIA TIganndasnLNanT

NANI I

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2025.04.005

0.5 0.44
0.4
03
= 0.28
< 03 0.25
o 0.22
£
g 02
[44]
0.1
0
H11 H12 H13 H14 H15

311 6 MInesadl AUTINVBILNUT I NAUATAANN
mildunuigrehmnuyuduudiduizguza
Nangmat 28 T

3.4 ANMUATWBNWHUITIAA
PMNNANINARBUUHUT LN WA UDTANNATLT
wnungsInunuyuduudiduizgueau uaas
@T\‘jgﬂﬁ 7 HAMITUNBLIIAALYINNL 5.18, 5.95,
6.24, 6.51 LAz 6.81 NLANTNAIANTIILTUALNAT
§1A3U@28879 H11 H12 H13 H14 Wwaz H15
ANRAL ﬁ'mq 7 14 uaz 28 3 Fouaas A
wnuinosinan ld Saurhlianuduniusida
RN ﬁmq 7 14 ua 28 39 Godunannan
wnuigmsndwihiduwnanaluwindiuudussa
ﬁﬁmmﬁ@maqiumﬂn'j'lmm’mmm’ﬁn@ﬁﬂﬁ%’u
us9aalaninnitNiasindnd [18] USunmunu
Ayzafiiniuluszauimunzautioiinaana
Bantuvading vinlwussaaRuidulugasusn
atilsfiany wnfaunuiysaunnAwld anavi
1 Ta398519789 00 ULaAILAZLIIAARARIATY

YSunangysanla

The Journal of Industrial Technology (2025) volume 21, issue 1

64

http://ojs.kmutnb.ac.th/index.php/joindtech



1sarsivImamaluladana1unssu (The Journal of Industrial Technology)

’

UNAMNITY

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2025.04.005

w

g S=#
= 6 r N

=) # \ ’
& 4 [ t ’
% 5 NE
g 2 7 N
5 ’ N=(
= 0

H11 H12 H13 H14 H15

K7 B 143 A28 T

31N 7 anudunuLIIaaTaIuHREINUALaTAI N
mialfunuityseimnududuudiduiagUeau

ﬁmqmm’u 7,14 Uaz 28 7%

3.5 AANGIWNIBUTIGI AT LRI
NNHAMINARELAMUATUNULTIFIA AN
Aaninpasududiuuduasaannisldununy o
SwnuyuduudiduizgUszann LLam@T@gﬂﬁ' 8
wudwﬂ%mmmuﬁ'zy’mﬁLﬁ&lmﬂ“ﬁm:awa@i a6
ANNEIUNILIIR IR SaniLAIMTaAes N
HAUIINUABA Y TININTU \lasanunuinsad
INTW f'fim@miﬁ@mwzsmdwgu%mmfua:tmu
Ay [19] Sﬂwg\nﬁagw;mﬁm{u Aufisuiasning
Fauduszunungsaanas vliusdasmaindiag
ﬁﬂﬁﬁm@‘im'jmwmmgm 180.878-2566 7i
Armualiindasgenin 05 AlanTudaansng
LIBALNAT FOAANDINLINHIILITWITLDDY Silva
WAZADE [20] VL@TaﬁfuaguNamimaaaf: lagszyi
nslfidulosrinmaluiagBudiinariliany
FUMRLIIRIaaas HhasanmMsianzszninagu

louasdaud W ldudwsavinuiagsaamzi

N HEE HEE HEE

H12

Surface Tension (ksc)

H13 H14 H15

E7uwE 14 Tu A28

51N 8 ANMNFIUNILTIAIAIR NN RINUUDILE
a 6 6 £ > 1 > a 6
muu@mas@a’mmﬂmmuﬂmﬁdnuﬂ‘uguﬁmmum

Lﬂui'a@;ﬂ‘i:mu ﬁa’]f_lqﬂ’]‘ilill 7,14 1@z 28 %

3.6mwﬁumu,a:mwLfluﬁmﬁia'éau'mé'au

A157197 2 LLamﬁunuﬂu@iaﬂmwamw’u
Fauduafafinananunuiyraiuduaiy
Usunawasunuiyssiltlundazdandiu lag
A18819 H11 ﬁﬁunu@ﬁﬂq@'ﬁ' 135 UING NI e
yomefiaa0819 H15 ﬁﬁunugaq@‘ﬁ 143 UG8
wihe dununiIndavaiuiudiuuduaialndaz
ag"ﬁ'ﬂizmm 130 L Indaniay FedninSiane
UaseanNUNRNTILENTag ﬁunuﬁgaﬁumaumu
Fumduaiannunuigsaiaannmsldiagaudis
IONFINT LU WNWNYTI %dﬁﬁunugdmhl,ﬁulﬂ
Liwdatulinldludunduaialnd agnslsfiany
@T'u,"qumauLLﬂuszymﬂ'w‘ﬁﬂhLLs"lﬂﬁu (Asbestos)
ﬁgﬂLﬁﬂ‘LﬂELﬁaqmnwam:ﬂuﬁmzjmmwLm:

IR [3]

The Journal of Industrial Technology (2025) volume 21, issue 1

65

http://ojs.kmutnb.ac.th/index.php/joindtech



1sarsivImamaluladana1unssu (The Journal of Industrial Technology)

-

UNAMNITY

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2025.04.005

@791 2 iWSsnifisuduuuazsnAswinwHuBuduaTannunuiysiludanaudng 9

IS 6 [ 4 a
LarTunaUaIaUng

I8YNT H11 H12 H13 H14 H15 Hane
Wsuiiisy vasailnd
auwnuUniana 100 100 100 100 100 100
(UIN/vI)

AWNHUNATYTI 20 22 24 26 28 0
(UN/v)

AW NI 10 10 10 10 10 10
(UN/v)

AWNUIININN AL 135 137 139 141 143 110
(UIN/A28)

ATNRW LTI 1,783 1,760 1,772 1,747 1,752 1,200
(nn./av.a.)

m’m‘;’?u (%) 2.37 2.41 243 2.59 3.75 4
nsnasanilous 0.22 0.25 0.28 0.30 0.44 2
W1 (%)

AMNATHNIHILT 5.18 5.95 6.24 6.51 6.81 9
Ga (NNJA5.58.) 7

a1y 7

AMNATHNIHILT 0.18 0.15 0.14 0.13 0.11 0.5
femamnniy

RN (NN.IAS.

7. ﬁmq 7

anadninsda G &9 &9 G 9 thunand

FIWINADN

The Journal of Industrial Technology (2025) volume 21, issue 1

66

http://ojs.kmutnb.ac.th/index.php/joindtech



1sarsivImamaluladana1unssu (The Journal of Industrial Technology)

’

UNAMNITY

a 6 = =1 1 =1 6 6
INHNANTIANZA TV DU LHUT I UG LI A

a 04 " = 6 6 al lil
NnunwNTINULHUdWuaUasaln@luasen 2
WU 18819 H11 danududinnnngaanaan
FIWNFNAIDE19 HI12 HI3 H14 was H15 18 8
ﬁﬁmmmﬂﬁunuﬂﬁwﬁma:qmawu”ﬁﬁvlﬁmsmu
N AINNIAIZIU NBN.878-2566 ludn AMTL
LRZNNTWEIAILI AT DANIWHUTINUAUDIAINN
unwnaslueanauhsiasneanuduiasee
fIwrasew nTltununrItIuaanislaas

6 6 ' a v s ~ A
msuanlaaanloduasaaasunivie #QTININD
Wuniwonindsduuszlasansdagunin
MIAN®AN Pavithra kazane [21] WUINMSLgian
lusysu@ wu lotraw lowswi [3] v whedn
18] I InNaN GG LasANNNTOTILRANANTINY
1 QI U U ] = o o o A | lﬂld
damauasaylaadlinuiny sadumatania

a%mi”uq@lmmﬁm”a@;ﬁ aa%ﬂuﬁagu”u

4. gylwanimeaas
PMNMIANRVL AV SN BT RALDTATINUAB
o ! o o & o A o
nyhunuyudwudidwizgszmwnaiduiag
ﬁaa%wmmsmgﬂvléf a9t
1. MIMNNANINARALLNORID AT FIBNLANZTN
lunsndaududiunduasaannslsunwn s
Sty udwudiduizquzawnolduiag
Aoaieiu wudndiadng H11 (uduud : nae
WU = 1: 2 : 0.11) LT UaANEIMNENVDILN
Tuwuduaianunuigsinmanzaungale
WIBUBUALIaNEIUNENDU G TIUINYNAVDT
' =] a o 1 [
anunwLlugida 1,783 Alansudegnueiiuas
. Fo2 o, o
waZANANNTWINNTUTBER: 2.37 AN lURsT Ay

'
oA

NI RN AN TANNAND I Tauaz 0.22 FIUAITNRT

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2025.04.005

FULTIRA LATLIIRIAIANALRIRERD 5.18
WAz 0.18 AlANTUABANTIILTUALNAT ﬁmq 7 7%
MUK

2. lusuantifee 9 vasukndnduasan
milfunuigsenwiuyufundiduizglszan
Lﬁalﬂu'ﬁ'ﬁ@;ﬁaai’w AMNRWILU UV BILHUTLIUG
uas‘@ﬁ'wammﬂLmuﬁ'zymgaﬂ'jwmmmgmﬁ
Amualy MIwessndautin uaz d1ausw &
waliuAudwdntosawSusunuiyoed
Wadulasddrdnitnasgm Sauaasliifiuing
qmawu”@ﬁ’umm%uﬁ'ﬁ usaea Wi wi o
U%mmmuﬁ’@mlmzﬁuﬁmmzaw FAINUTIAIAS
1N aﬂadmumﬂ‘ﬁmmaoﬂ%mmuﬂuﬁ’rgm
Lﬁaamnﬁﬂwngwgmaumuﬁ’tymﬁa@miﬁ@Lm:
WiNeae

3. wHuduauasaanununysslualagng H11
Lﬂué'hl,ﬁaﬂﬁmmmwﬁqmmné’uasiwﬁﬂ@aau
ﬂgmmLfiaﬁmammnmwmjmhLm:qmauﬂ”ﬁma
monwi e wudwﬂ?mmmuﬁ'ﬁymﬁmm:au
s ldWanaud@ sy widununis
HAnvzgeniTuduatandidntes udguaula
NIMENNLAZANYFINNTD UM TNBAN N WA
fnin ﬁ'ﬂ,ﬁl,ﬂui’a@y?{mm:awﬁ%'m%'umﬂfmuslu
qmwmmﬂ'aa%’nﬁﬁaaﬂﬁi’aqﬁﬁﬂizﬁﬂﬁmw

NUA DA NVTULALLD WU ATADRILIAR DN

5. naanyINlszne
mu?ﬁ'ﬂ‘ﬂﬁ%’uL'Euvqmqwgmmﬁﬁﬂmml@i"

uNnUJTAMIAUINEIMEa3 398 uazwianisw

(1. Uz szanms w.a. 2566 lasin133de

WUFI% NIBUMTIY “Szuuinamdo sy

The Journal of Industrial Technology (2025) volume 21, issue 1

67

http://ojs.kmutnb.ac.th/index.php/joindtech



1sarsivImamaluladana1unssu (The Journal of Industrial Technology)

<
UNAMNITY

187 W ’N&7. 10/2566 LAZYDUBLNIZA D ATAL
TAINITUAIRASTUACRONTAONITNAIRAS
wnInenasnaluladnousnanzikean Inmiang
O ﬁlﬁmmagmm:ﬁamuﬁuazqﬂmmﬂu
mi‘ﬁﬁf{fﬂLLa:daLa'%uaﬁuagu’[umiﬁﬁﬁ'ﬂmém

Tas9ms

6. LaN§1391999
[1] TIS 878-2566, Cement Bonded Particle
Boards: High Density, 2023. (in Thai).
[2] S. Phantavee, T. Sinsiri, R. Somna, S.
Akkaraikraisri and S. Khuptharat, Preliminary
properties of concrete mixed with hemp core
replacing coarse aggregate, The 12" Annual
Concrete Technical Conference (ACC-
Thailand 2017), Proceeding, 2017.

[3] P. Veeranukul and K. Suviro, Development
of cement board sheets from coconut shell
ash for energy and environmental
conservation, Thesis, Rajamangala
University of Technology Phra Nakhon,
Thailand, 2015.

[4] E. Small and D. Marcus, Hemp: A new crop
with new uses for north America, 2" Ed.,
ASHS Press Inc., VA, USA, 2002.

[5] T. Jami, S.R. Karade and L.P. Singh, A
review of the properties of hemp concrete
for green building applications, Journal of

Cleaner Production, 2019, 239, 117852.

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2025.04.005

S. Phantavee, Preliminary properties of
concrete mixed with hemp core replacing
coarse aggregate, The 12" Annual Concrete
Technical Conference (ACC-Thailand 2017),
Proceeding, 2017.

W. Thamcharee, Biocomposite materials,
Bio and Nano, 40, 34-37. (in Thai).

S. Inthata and C. Khankham, Use of rice
straw for the production of thermal insulating
cement boards, Thesis, Mahasarakham
Rajabhat University, Thailand, 2019.
https://urbannext.net/hemp-concrete/
(Accessed on 9 April 2023)

TIS 2594-2567, Hydraulic Cement, 2024.

(in Thai).

W. Kroehong and S. Haruehansapong,
Mechanical properties, thermal conductivity,
and microstructure of hemp concrete,
Science and Engineering Connect, 2020,
43, 91-102. (in Thai).

ASTM C33, Standard Specification for
Concrete Aggregates, ASTM International,
PA, 2018.

A.A. Pablo, Wood cement boards from wood
wastes and fast-growing plantation species
for low-cost housing, The Philippine

Lumberman, 1989, 35, 8-53.

The Journal of Industrial Technology (2025) volume 21, issue 1

68

http://ojs.kmutnb.ac.th/index.php/joindtech



-

1sarsivImamaluladana1unssu (The Journal of Industrial Technology)

UNAMNITY

(14]

[19]

[16]

(17]

M. Ardanuy, J. Claramunt, and R.D. Toledo
Filho, Cellulosic fiber reinforced cement-
based composites: A review of recent
research, Construction and Building
Materials, 2015, 79, 115-128.

T. Sinsiri, S. Phantavee and

P. Ratchakham, Production process of
hemp concrete from hemp core mixed with
fly ash, National Science and Technology
Development Agency (NSTDA), 2017.

(in Thai).

S. Inthata, S. Attachariyakul and

R. Chirawich, Study on the selection of
building materials for energy-efficient homes,
The 2™ Thailand Energy Network
Conference (ENETT-Thailand 2017),
Proceeding, 2006, 90-99.

A. Karimah, M. Ridho, S.S. Munawar,

D.S. Ismadi, R. Damayanti, B. Subiyanto,
W. Fatriasari and A. Fudholi, Biomass waste
materials through extrusion-based additive
manufacturing: A systematic literature
review, Journal of Materials Research and

Technology, 2021, 13, 2442-2458.

(18]

[19]

[20]

[21]

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2025.04.005

T. Pakkunwarakit, P. Phuthipairoj,

W. Unjittichai and P. Thithawipat, Thermal
Resistance Efficiency of Building Insulation
Material from Agricultural Waste, Journal of
Architectural/Planning Research and

Studies, 2006, 4, 3-13. (in Thai).

S. Phantavee, Development of concrete
using hemp core as coarse aggregate by
improving the quality with aluminum sulfate
and calcium hydroxide and the impact of fly
ash on hemp concrete, Thesis, Suranaree
University of Technology, Thailand, 2017.
G. Silva, S. Kim, R. Aguilar and

J. Nakamatsu, Natural fibers as
reinforcement additives for geopolymers — A
review of potential eco-friendly applications
to the construction industry, Sustainable
Materials and Technologies, 2020, 23,
e00132.

L. Chen, Z. Chen, Z. Xie, L. Wei, J. Hua,

L. Huang and P.S. Yap, Recent
developments on natural fiber concrete: A
review of properties, sustainability,
applications, barriers, and opportunities,
Developments in the Built Environment,

2023, 16, 100255.

The Journal of Industrial Technology (2025) volume 21, issue 1

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)
ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2025.04.006

’

UNAMNITY

'V = ~ [~ -~ ~ [% Y] Aa KR
ﬂﬂiaaﬂltﬂﬂﬂﬂlﬂﬂa%ﬂiﬁLﬁiﬂ AANLUULENNIRKRANICTANAILDANDINN
LUYASIT

o £ -4

NAAANA UTITMENT LAz aadnIob azdoN

F3TIAINTIN LT, AIAINTINANFAS, URIINLIRLUAIFITANN

’ Q"}J‘szmumummm‘i (Corresponding Author), E-mail: alongkorn_lamom@msu.ac.th

INNTLUNANY: 30 FIAAN 2567; TWANUNIBLUNAIN: 23 UNTIAN 2568; IUNADUTUUNAIN: 29 UNTIAN 2568
Fumunouwsaanlal 22 wsnau 2568

unanaga: nuissiawemsssnuuuiinlensuniassumanuuuiinlasldiisaneifuniiin sy
Awihpusslgiuesiainssusanuursdszinalng (w1a337% 28, 011007-19) lun1seanuuusay
sanesfuil e dunansineasiwlanawnIalaSUMAN LUK I@ﬂﬁdmﬂi’mﬁ'a@!ﬁaa%dLLa:
mLLiamquﬂwﬁu mInageuL3auIfisuTEnINg3seanasfiuuLIn3et9n 03T 8alaadeaanasiia
W9 3 §29819 HANSANBINUIN NemassanasRumuITaRBrIdInauRunzanldinoun
wagInuluswIusaumMIvhu la s"?%a"‘ana’%ﬁuLLﬁaﬂéaﬁ'gaﬁLLuaMﬁJnﬁgL°ﬁ"1 gfﬁ'lelauﬁmm:auvlﬁa gk
fUseEnsamaninisda laaisoanasin lasainnsoaasnwinsaun1svinaulavinnit dadusesas
57.30 64.23 Uaz 71.63 MUEGU Wenasautn 30 A39 WUTTEUMITMRATEIITEanasRLL IS
1291590315550 lnadesanosniu Jouas 28.56 42.94 Uaz 49.41 ANUEEU AIUWITEANDSTINLLIASITIIE
susathanltlumssenuuutinlareuniassunsnuuuiwldasnsdUsansnm

°o o o { o a = a P a @ 4
ﬂ’la’]ﬂiy: ﬂ’]iaaﬂLLUUﬁL%N’]:ﬁﬁN; aaﬂaﬁﬁ“uudﬂjﬂaﬁ’gd; aavlﬂa&maaﬂaiﬁu; qul@]ﬂauﬂ%(ﬂuuﬂﬁu

The Journal of Industrial Technology (2025) volume 21, issue 1 http://ojs.kmutnb.ac.th/index.php/joindtech
70



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)
ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2025.04.006

-

UNAMNITY

Optimum Design of Reinforced Concrete Cantilever Stair Using
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Abstract: This study proposes the design of a reinforced concrete cantilever stair using the Bisection
Algorithm according to the Working Stress Design Method of the Engineering Institute of Thailand
(EIT Standard 011007-19). In the design using this algorithm, the total cost of the cantilever stair will be
estimated based on current construction material and labor prices. The experiment compared the
performance of the Bisection Algorithm with the Hill Climbing Algorithm across three samples. The
results indicated that both algorithms can find feasible solutions, but they differed in the number of
iterations required. The Bisection Algorithm showed higher efficiency in converging to an optimal
solution, reducing the number of iterations by 57.30, 64.23, and 71.63%, respectively, compared to the
Hill Climbing Algorithm. In 30 repeated tests, the Bisection Algorithm was found to perform faster,
reducing the average number of iterations by 28.56, 42.94, and 49.41%, respectively. Therefore, the

Bisection Algorithm can be effectively applied in the design of reinforced concrete cantilever staircase.

Keywords: Optimum design; Bisection Algorithm; Hill Climbing Algorithm; Concrete Cantilever Stair
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Abstract: This research studies the pyrolysis process to manage plastic waste by induction heating. The coil
is wrapped around the insulated material to generate heat for the pyrolysis process to manage polyethylene
(PE) plastic waste at a temperature of 400600 °C. The result suggested that pyrolysis of plastic waste from
landfills included polyethylene (PE), the amount of 1 kilogram was performed. It was found that the most
pyrolysis oil was obtained at a temperature of 600 °C, which was 27.6 % to have the highest heat value of
41.33 MJ/kg, and the amount of oil was reduced according to various temperatures. The least amount of oil
was obtained at a temperature of 400 °C only 18.2 % wt. In the comparison of the energy consumption to
amount of plastic waste(kWh/Kg), it was in the range of 9.60-13.36 kWh/kg. It consumes the highest energy
to degradation of plastic waste into oil at 600°C. It consumes the highest energy to break down plastic waste
into oil. In addition, comparing the amount of CO, gas produced from the pyrolysis process, it was found that
a quantity of CO, gas (% by volume) of 0.21% obtained from 400 °C, at a temperature of 500 ‘C there was a
quantity of CO, gas of 0.25% , and at a temperature of 600 °C there was CO, gas of 0.20% . As for the
amount of charcoal produced per amount of oil obtained, at a temperature of 400-600 °C, the average of
amount for charcoal powder was 29% . The highest amount was at 400 °C, with 39% of char product. The
results showed that the temperature for plastic waste pyrolysis at 600 °C produced the highest calorific value

which is suitable for use as an alternative fuel in the industrial sector

Keywords: Induction heat; Pyrolysis process; Plastic waste
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Abstract: The objective of this work is to study the feasibility of using the disposal of polystyrene packaging
plastic and foam as a binding agent for the floor mats, which is produced from recycled tire crumb rubber to
replace commercial-grade binders. The influence of tire crumb rubber/aggregate ratio, binder content, bulk
density, and product thickness on compressive strength, impact resistance, and water permeability are the
main interesting factors. The preliminary results show that the best mechanical properties of tire crumb rubber
floor mat can be obtained by using a crumb rubber/aggregate ratio of 75/25 mixed with 5.0 %V/V binder and
the bulk density of floor mat is 0.9 g/cm®. Considering the water permeability, all the tire crumb rubber mat
floors produced in this work are water - permeable. In this work, the computer program Autodesk Fusion 360
is utilized to design and analyze the strength of floor mats, and a comparison between the numerical and
experimental results is carried out. Moreover, the various designs of rib patterns are examined. Good
agreements between numerical and experimental results are found. For design purposes, to gain the highest
strength-to-weight ratio, it is suggested that the rib pattern, rib width (W), and rib height (H) are important
factors. The success of this work shows the high feasibility of utilizing polystyrene waste as a binding material

to reclaim plastic wastes and tire rubbers and to reduce environmental problems.

Keywords: Polystyrene waste; Binder; Tire crumb rubber; Floor mat; Computer aided engineering program
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Abstract: This research is a study of the physical and mechanical properties of glass fiber-reinforced
concrete (GRC) mixed with natural rubber latex or synthetic rubber latex. The properties studied include
compressive strength, water absorption, and flexural strength of the concrete samples. The test samples for
compressive strength had dimensions of 50x50x50 mm according to ASTM C109 standards. The test
samples for flexural strength and water absorption were GRC thin plates prepared by spraying to a thickness
of approximately 10 mm. Samples were cut into the dimension of 50x250 mm. All samples were tested under
bending according to BS EN 1170-5:1998 standards. The appropriate amount of surfactant for use with
natural rubber latex was determined through mixing trials to determine the compatibility of the ingredients.
The main variables studied include: the amount of natural or synthetic rubber latex in the ratio of 2, 4, and 6
percent by weight of cement replacement. The samples were tested at different ages of 7, 14, 28 and 56
days after water curing. The test results found that using surfactant at 1.0 percent helped the natural rubber
to mix well with the mortar without clumping. Replacing Portland cement with natural rubber latex or synthetic
rubber latex tended to reduce the compressive strength of the mortar. However, the use of natural rubber
latex or synthetic rubber latex would help to reduce water absorption. The lowest water absorption occurred
when natural and synthetic rubber latex were used at 2 percent. In addition, the use of natural rubber latex or
synthetic rubber latex in samples slightly decreased the stresses at limit of proportionality and modulus of
rupture compared to the control sample. However, the toughness of the thin plate samples tended to be
higher than those of the control samples when they were cured in water for a longer time.

Keywords: Glass fiber reinforced concrete; Thin plate; Natural rubber latex; Synthetic rubber latex
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Abstract: This investigation evaluated the results of incorporating copper-modified activated carbon into
natural rubber sheets on their electrical and mechanical characteristics. copper-modified activated
carbon was added at various concentrations (5, 10, and 15 parts per hundred rubber), resulting in a
notable enhancement in density as confirmed by scanning electron microscopy (SEM). However, the
addition of copper-modified activated carbon led to a deterioration in several mechanical properties,
including hardness, tensile strength, elongation at break, and rip strength, with the most significant
decline observed in tensile strength. Atomic force microscopy (AFM) analysis revealed that copper-
modified activated carbon addition in natural rubber sheets exhibited enhanced electrical properties
compared to those containing only activated carbon. The findings suggest that these rubber sheets offer
a promising balance between dielectric constants and mechanical durability, making them potential

candidates for applications demanding flexible sensors and electrostatic discharge protection.

Keywords: Natural rubber, Cu-modified, activated carbon, tensile strength
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1. Introduction

The electronics industry faces significant
challenges due to static electricity, primarily caused
by the buildup of electrostatic discharge (ESD). ESD
can damage integrated circuits, disrupt control
systems, and increase manufacturing costs [1, 2].
To combat this, ESD protection systems are used,
often incorporating anti-static materials to prevent
the buildup of static electricity and protect
components and equipment. Rubber plays a key
role in these systems, offering both flexibilities to
cushion delicate parts and durability for robust
surfaces [3, 4]. This study explores the use of
rubber in ESD protection, emphasizing its unique
balance of softness and strength in various
applications.

Advancements in processing methods and the
addition of various components have allowed
natural rubber to be adapted to meet the specific
needs of different industries. Carbon black (CB)
powder, known for enhancing rubber properties, is
It

the

one of the most commonly used additives.

enables manufacturers to  customize

performance of rubber products [5]. When CB is
added to rubber sheets in amounts greater than 15-
30 phr, it

creates conductive sheets. This

conductivity comes from the formation of a
conductive network within the rubber, where the

increased filler content reduces the gaps, allowing

ISSN (online): 2697-5548
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electrons to move more easily and improving overall
conductivity.

Several factors affect electrical conduction,
including temperature and the properties of the filler
material. As temperature increases, thermal
expansion causes the polymer molecules and the
conductive network to expand, resulting in a drop in
conductivity. The size and surface area of the filler
particles also play a crucial role in conductivity [6].
Evenly dispersing carbon particles throughout the
rubber matrix significantly improves electrical
conductivity compared to when the particles are
Adding further

the

clustered. carbon nanotubes

enhances the conductivity by increasing
efficiency of the carbon particle network [7].
Activated carbon (Ac), known for its large
surface area, is widely used in applications like
water purification and air filtration [8]. To produce
charcoal powder, the charcoal undergoes physical
or chemical activation, which alters its surface to
increase its surface area, making it more effective
for different reactions [9, 10]. Therefore, this study
explores the incorporation of copper-modified Ac
into rubber sheets. The Cu-modified Ac is prepared
through chemical solution reduction, with copper
concentrations of 1% and 2% by weight. Rubber
sheets containing 5 phr, 10 phr, and 15 phr of filler
are then prepared and analyzed using SEM-EDX to

examine the structure and distribution of Ac and
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copper particles. The analysis focuses on how Cu
modification affects the electrical conductivity of
rubber sheets, along with its mechanical properties
such as density, hardness, tensile strength, and
elongation at break. The volume resistivity of the
sheets is also measured. The aim is to understand
how combining Ac with copper doping enhances
and electrical

both the structural properties of

natural rubber composites.

2. Materials

In this study, natural rubber (STR5L) was
selected as the polymer matrix, with a fixed
concentration of 100 parts per hundred rubber (phr).
The material was sourced from FAOT in Nakhon Sri
Thammarat, Thailand, ensuring consistency in the
base polymer used for experimentation. To facilitate
the vulcanization process, stearic acid was
incorporated as an activator at 1 phr, obtained from
R.M.C. Supply Co., Ltd. in Nonthaburi, Thailand.
Additionally, zinc oxide (ZnQO), another essential
activator, was introduced at 5 phr to enhance the
crosslinking process, with the material supplied by
Thai Lysaght Co., Ltd. in Pranakorn Si Ayutthaya,
Thailand. To further optimize the rubber formulation,
2,2’-Dithiobis-(benzothiazole) (MBTs) was used as
an accelerator at a concentration of 1 phr, procured
from Siam Chemicals Co., Ltd. in Samutprakarmn,
Thailand. Sulfur (S) acting as a crucial role as a
vulcanizing agent by promoting crosslink formation

within the polymer network, was included at 2.5 phr,

ISSN (online): 2697-5548
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also provided by Siam Chemicals Co., Ltd. To
modify and enhance the dielectric properties of the
material, activated carbon (Ac) was introduced as a
reinforcing filler at varying concentrations of 0 and
15 phr, with the material sourced from Carbokarn
Co., Ltd. Furthermore, to further improve the
electrical performance, copper was incorporated
onto the activated carbon surface in weight
percentages of 0, 1, and 2 wt%. This modification
was synthesized by NAS Lab to enhance the
composite’s dielectric characteristics and overall

material performance.

3. Experimental
3.1 Cu-Modified Ac Preparation
The process for creating copper-modified
activated carbon (Cu-modified Ac) began by
dissolved copper (Il) acetate in distilled water at 80
°C and then allowed the solution to cool to room
temperature by controlling the concentration of
copper (0) of 2%wt. Activated carbon from
Carbokarn Co., Ltd. was then mixed with distilled
water using a magnetic stirrer. Next, the copper
solution was added to this mixture, and hydrazine
hydrate was carefully introduced. The mixture was
reheated to 80 °C, and the resulting solution was
filtered using a Buchner filter. Finally, the Cu-
modified activated carbon was dried in an oven at
100 °C for 24 hours and then transferred to a
desiccator to prevent moisture absorption before

testing.
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3.2 Preparation of NR/ Cu-modified Ac composite

A two-roll mill (LRM-S-110/3E, Labtech
Engineering Co., Ltd., Thailand) was operated at
60 °C and 60 rpm to compound natural rubber
(NR) with other materials. Table 1 provides a
summary of the ingredients used to form the
NR/Ac-Cu composite. Mastication and
compounding consisted the two steps in the
composite preparation process. Initially, natural
rubber was masticated in an internal mixer for
roughly 10 minutes, followed by the addition of
MBTs, stearic acid, ZnO, sulfur, and Ac-Cu for a
further compounding phase of around half an hour.
After completing the compounding process, the
cure time (tcgy) and torque variations were
assessed using a moving die rheometer (MDR).
The rubber was then vulcanized through
compression molding at 140 — 160 °C with an

LP20-B machine, Labtech Engineering Co., Ltd.

Table 1 Rubber compound recipe (in the unit of phr)

ISSN (online): 2697-5548
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4. Characterization

The rubber was subsequently vulcanized
through compression molding at an approximate
temperature range of 140 — 160 °C using a
Labtech Engineering Co., Ltd. model LP20-B
machine. Based on the identified cure time, NR
composites were subsequently vulcanized through
a compression molding process.

The hardness of the rubber composite sheet
was assessed with a Shore hardness tester
following ASTM D2240. Ten measurements were
taken at different points, and the average hardness
value was recorded.

To get to the point regarding tensile behavior—
encompassing the modulus at 100% elongation,
ultimate tensile strength, and elongation at break—
a universal testing machine (Instron model 3365)
was put through its paces. The evaluations took
place at a crosshead speed of 500 mm/min, strictly

in line with ASTM D412.

No STR Stearic Zinc 2,2'-Dithiobis-(benzothiazole) Sulfur Pure Cu-Modifier
5L acid Oxide (MBTSs) Ac Ac
1 100 1 5 1 25 0 0
2 100 1 5 1 25 5 0
3 100 1 5 1 25 10 0
4 100 1 5 1 25 15 0
5 100 1 5 1 25 0 5
6 100 1 5 1 25 0 10
7 100 1 5 1 25 0 15
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Scanning electron microscopy (SEM) was used
to investigate the cross-sectional morphology of
NR/Ac-Cu composites. Specimens prepared at
extremely low temperatures in liquid nitrogen were
examined with a JSM-6510LV SEM from JEOL,
Japan. Observations were performed at a 500x
enlargement ratio under reduced pressure with an
accelerating voltage of 20 KkV. Prior to this,
specimens underwent gold sputter deposition. A
network analyzer (Agilent Technology Model
E5071C ENA series) operating over the frequency
range of 0.5 to 3.0 GHz was applied to evaluate the
dielectric characteristics.

For electrostatic force microscopy (EFM)
analysis, the rubber samples underwent a thorough
cleaning process before testing. This process
included ultrasonic agitation in a detergent solution
(Alconox) for 30 minutes,
followed by an additional 30 minutes in deionized
water to remove contaminants. After cleaning, the
samples were dried using a nitrogen gas stream.

Following the cleaning procedure, the surface
topography and electrostatic force of the samples
were analyzed using the EFM mode of a Park NX-
10 atomic force microscope. The analysis was
conducted in a standard room environment using a
non-contact mode probe (NSC36_B), which has a
spring constant (k) of 1 N/m and a resonance
frequency of 90 kHz. Simultaneous topographical

and electrostatic force mappings were carried out at

ISSN (online): 2697-5548
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a scanning speed of 8 [lm/s, with a sample bias of
0V and a set point distance of 4 nm from the

surface under ambient conditions.

5. Results and Discussion

As part of the activated carbon (Ac)

modification, copper (ll) from copper acetate
monohydrate was chemically reduced to elemental
copper. A detailed analysis was performed to
assess the porosity features of both unmodified and
Cu-modified Ac, with particular emphasis on specific
surface area, pore diameter, and pore size. At
copper loadings of 0% and 2%, a marked drop in
specific surface area was observed, falling from
1195 m?g to 1081 m%g. In a similar vein, the pore
volume decreased from 0.49 cm®g to 0.44 cm?3g,
while the pore diameter shrank from approximately
1130 pm to 1080 pym. These declines suggest the
deposition of copper particulates distributed on the
activated carbon surface, leading to the overall
reduction in these properties.

The findings suggest that copper particle
growth occurred following the reduction of the
copper precursor, confirming the successful
modification of the activated carbon structure. As
depicted in Fig. 1, SEM images were utilized to
distinguish the morphological differences between
unmodified and Cu-modified activated carbon. The
results further verified the deposition of copper on

the surface of activated carbon particles.
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\}

RN
odified

Cu-m

Fig. 1 SEM images of (top) pure activated carbon
granule (down) Cu-modified activated

carbon granule

Fig. 2 illustrates a consistent increase in
density as the Ac content rises for both pure and
Cu-modified samples. The Cu-modified Ac leads
to slightly higher density levels at each content
compared to pure Ac, suggesting that the
addition of copper particles contributes to the
overall mass per unit volume of the rubber
composite. The density analysis showed an
increase in density with the addition of Ac, as Ac
has a higher density than rubber. However, the
impact of Cu modification resulted in relatively

minor differences in density.
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Fig. 2 The relation between Ac content and
density in both pure (white) and
Cu-modified Ac (grey)

Fig. 3 shows that the hardness of the rubber
composite decreases as Ac content increases,
with a more significant reduction in hardness for
the pure Ac compared to the Cu-modified
version. A decrease in hardness was observed
with the addition of Ac,

the

likely due to its

interference  with rubber's  crosslinking
network, though Cu modification did not cause
any significant changes. Notably, when the Ac
content exceeded 10 phr, the expected
continuous decrease in hardness was not seen,
indicating that beyond 15 phr of Ac, the reduction
in hardness might be less pronounced. This trend
indicates that while Ac lowers the hardness, the
copper modification helps maintain some of the
hardness of rubber composite, likely due to
differences in how the copper particles interact

with the rubber matrix.
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Fig. 3 Highlights correlation between Ac content

and hardness in both pure (white) and

Cu-modified Ac (grey)

As Illustrated in Fig. 4, the stress at peak
results decreases with an increase in Ac content.
This decline is less pronounced in the Cu-modified
Ac, suggesting that the copper modification may
enhance the rubber's strength and its ability to
manage stress before failure. Since rubber sheets
are commonly used as mats for tables or floors, it is
important to establish clear testing parameters for
stress and strain.

The stress trends align with the hardness
results shown in Fig. 3, revealing a decrease that is
inversely related to the amount of both pure and
Cu-modified Ac. However, this trend does not match
the strain characteristics depicted in Fig. 5, where
the relationship between strain and Ac content

shows only a slight reduction.

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2025.04.010

30
] [] Neat Ac
E o ] [ Cu-modified
Z ]
E ]
& 10 4
Z i
0 0 T T
0 5 10 15
Activated Carbon Content (PHR)

Fig. 4 Correlation Ac content and stress in
both pure (white) and Cu-modified
Ac (grey)

Interestingly, the rubber composite with 15 phr
of Cu-modified Ac demonstrates a significant
rebound, suggesting that an adequate amount of
Cu-modified Ac can substantially influence the
crosslinking process and improve various properties
of the rubber composite sheet.

In Fig. 6, the electrical properties of the rubber
composites was examined by using a network
analyzer to measure the relative dielectric constant,
also known as permittivity. The results show that
adding Ac to the rubber compound increases its
dielectric constant, which suggests an improved
ability of the rubber structure to hold electrical
charge. The upward trend in the graph for pure Ac
may indicate a slight increase in electrical
resistivity, highlighting that higher concentrations

of Ac filler enhance the rubber sheet's resistivity.
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The electrostatic force  measurements
obtained using the atomic force microscope
(AFM) indicated that rubber sheets containing
Cu-modified Ac exhibited a higher average
electrostatic force than those filled only with Ac,
as illustrated in Fig. 7. This observation reinforces

the earlier dielectric measurements, confirming

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2025.04.010

that adding copper improves the rubber sheet's
capacity to hold electrical charges. These findings
are crucial for understanding the electrical and
structural changes that take place in materials
when activated carbon is incorporated during the

manufacturing of natural rubber sheets.
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Fig. 5 Relates Ac content and strain in

both pure (white) and Cu-modified

Ac (grey)
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Electrostatic Force,,

=0.221 mV

Fig. 6 Corelates between relative dielectric
constant and Ac content in both pure (square)

and Cu-modified Ac (diamond).

Electrostatic Force,,, =0.374 mV
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Fig. 7 Contains atomic force microscopy (AFM)

The Journal of Industrial Technology (2025) volume 21, issue 1

142

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

-

UNAMNITY

The enhanced dielectric properties of these
rubber composites have significant implications for
various applications, particularly in the field of
dielectric materials. For instance, the improved
charge-holding capacity makes these materials
suitable for use in capacitors, which are essential
components in electronic devices. The ability to
accumulate electrical charges efficiently can lead to
better energy storage solutions, improving the

performance of devices ranging from small
consumer electronics to larger power systems.
Furthermore, these rubber sheets can be utilized in
the development of flexible sensors and actuators,
their lightweight

where nature and enhanced

electrical properties can contribute to better
functionality and durability. Additionally, the modified
rubber materials in

may find applications

electromagnetic  interference  (EMI)  shielding,
protecting sensitive electronic components from
disruptive signals. Overall, the integration of Cu-
modified activated carbon in natural rubber not only
enhances its electrical properties but also opens up
new avenues for innovative applications in the

rapidly evolving field of dielectric materials.

5. Conclusion
This study successfully demonstrates the
enhancement of the electrical and mechanical

properties of natural rubber sheets through the

ISSN (online): 2697-5548
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incorporation of Cu-modified activated carbon. The
results indicate that the addition of activated carbon
significantly influences the density, hardness, and
stress-strain behavior of the rubber composites.
Notably, while increasing the content of activated
carbon tends to decrease the rubber's ability to
handle stress, the modification with copper provides
a more gradual reduction in strength, suggesting
that Cu plays a beneficial role in maintaining
material integrity. Electrostatic force measurements
and dielectric constant evaluations reveal that Cu-
modified activated carbon substantially improves the
rubber

charge-holding capacity of the matrix,

enhancing its electrical  properties. These
improvements have far-reaching implications for
applications in dielectric materials, including
capacitors, flexible sensors, and electromagnetic
interference shielding. The findings highlight the
potential of utilizing Cu-modified activated carbon in
natural rubber to create advanced materials that
meet the growing demand for efficient energy
storage solutions and electronic components.
Overall, this research contributes valuable
insights into the structural and electrical alterations
of rubber composites, paving the way for future
innovations in material design and application in
various industries especially electrostatic discharge

protection materials.
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Abstract: This study utilizes a drum pyrolyzer to investigate the production of biochar and wood vinegar
from bamboo. Bamboo from Prachinburi province in Thailand was used in the experiment. Bamboo was
heated to a temperature between 450 °C and 595 °C in a drum pyrolyzer (cylindrical shape). The yields of
biochar, wood vinegar, and gaseous products following the pyrolysis process were at 34.6%, 16.6%, and
48.8%, respectively. Based on calculations using the yield of biochar and the heating values of both
biochar and raw fuel, the pyrolyzer's energy conversion efficiency was at 44.6%. With moisture content
dropping from 11.1% to 4.94%, volatile matter dropping from 78.0% to 39.2%, and fixed carbon rising from
19.8% to 52.4%, the resultant bamboo biochar displayed better properties than the raw material.
Compared to the raw bamboo's 19.1 MJ/kg, the biochar's higher heating value (HHV) increased to 24.6
MJ/kg. During the pyrolysis process, the pH of the wood vinegar generated ranged from 2.85 to 3.18.
Based on a one-year project timeline, the process showed economic potential with a monthly internal rate

of return of 46.75% and a payback period of about two months.

Keywords: Bamboo; Biochar; Drum pyrolyzer; Pyrolysis
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1. Introduction

Thailand is the primary source of commercial
bamboo, with 91,746 rai (14,679.4 hectares) of
planted area distributed throughout all regions.
With 40,364 rai (6,458.2 hectares) under
cultivation, the Eastern region is the greatest area
for bamboo farming [1]. The biggest area of Tong
bamboo cultivation at the provincial level is found
in Prachinburi province, which covered 31,061 rai
(4,969.8 hectares) in 2018, according to figures
on bamboo cultivation from the Prachinburi
Provincial Agricultural Office [1]. This displays
how bamboo can be used in Thailand as a raw
material for sustainable energy.

Thailand's domestic coal (lignite) output is
about 3,379 ktoe [2]. To further fulfill its energy
requirements, Thailand imports coal 13,406 ktoe.
In the final stages, the nation uses 8,413 ktoe as
energy from coal [2]. Because of its rapid growth
rate, bamboo is consequently seen as an
attractive crop for alternative energy. This is
considered to be a raw material that can be
processed into biochar for use as renewable
energy and that can sustainably replace coal use.

The street food business, which was valued at
180 billion baht in 2022 and grew at a rate of
about 2-3% from the year previously, presents
potential for the use of plant-based biochar [3].

Thus, plant-based biochar has the potential to be
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DOI: 10.14416/j.ind.tech.2025.04.011

used in these businesses as a fuel for grilling and
cooking.

One of the thermal chemical conversion
processes that takes place in low- or no-oxygen
environments is pyrolysis. This involves heating a
material to the point when the molecules
breakdown into smaller ones. The end products
of the pyrolysis process, which uses biomass to
create biochar, are the solids, liquids, and gases
that are created. The principal gases that are
often produced are carbon monoxide (CO),
hydrogen (H,), and methane (CH,). According to
Basu [4], these gases have high heating values
of 12.63 MJ/Nm® 1274 MJ/Nm® and 39.82
MJ/Nm® [4] respectively. These gasses can
therefore be employed again as energy sources.

In addition to being an energy source,
products from the pyrolysis process of agricultural
waste have been investigated for use as
materials for soil improvement and to improve
agricultural production. The application of 10 t/ha
of corn cob biochar as a soil amendment in
cassava farms was investigated by Frimpong et
al. [5]. The result revealed that cassava yields in
the field with only biochar addition were 11.85
kg/ha, a 71% increase, whereas yields in the field
without biochar and fertilizer were 6.91 kg/ha.
More recently, Luan et al. [6] investigated the

application of 0.5%, 2%, and 5% biochar ratios in

The Journal of Industrial Technology (2025) volume 21, issue 1

147

http://ojs.kmutnb.ac.th/index.php/joindtech



1sarsivImamaluladana1unssu (The Journal of Industrial Technology)

-

UNAMNITY

soil for Chinese cabbage growth. According to the
study, the dose of biochar given to Chinese
cabbage plants increased their weight by 4.2% to
11.6% when compared to soil that lacked biochar.
According to the abovementioned studies, biochar
could improve agricultural yields and production and
be a useful soil amendment.

The temperature of the reaction is an important
that the amount and

factor determines

characteristics of biochar products that are
produced by pyrolysis from biomass. According to
the previous researches [7-9], temperatures typically
used are between 300 °C and 750 °C. Kurimoto et
al. [8] conducted a study on the production of
biochar from bamboo in an electric furnace for three
hours at temperatures between 300 °C and 800 °C.
The study found that the amount of biochar
produced, volatile matter content, hydrogen, and
oxygen decreased with increasing temperature. The
total carbon content, ash content, and fixed carbon
content all increased at the same time.

This study is to investigate the method of
making biochar from bamboo by utilizing a drum
pyrolyzer that also produces wood vinegar in
combination with a condensing unit. The study
examines the qualities of the final products as well

as the yield of solid and liquid products. Furthermore,
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this evaluates the process's financial viability by
computing the payback period and taking into
account potential applications for bamboo biochar,

such as cooking and agricultural soil enhancement.

2. Apparatus and Experimental Procedure
2.1 Apparatus

This study examines the pyrolysis process used
in a horizontal cylindrical reactor (also known as a
drum pyrolyzer) to produce biochar from bamboo.
The reactor is constructed from 5 mm thick steel
sheet that has been rolled into a cylindrical shape
with an internal diameter of 125 cm and a depth of
130 cm, as depicted in Fig. 1. A cooling tower is an
additional component of the reactor that is used to
contain the hot gas produced during the pyrolysis
reaction. After cooling, the gas is recirculated to
ignite and heat the reactor. Wood vinegar is the
liquid that comes out of the condenser unit. Four
steel pipes with a diameter of one inch each make
up the internal cooling tower. Water cools the pipes
at a steady 2.35 m¥h flow. The reactor has two
Type-K thermocouples installed: one is located
inside the reaction chamber, while the other one
measures the temperature of the cooled gas. The
Testo 175-T3 data logger was used to record the

temperatures every 10 seconds.
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Fig. 1 Drum pyrolyzer and schematic diagram of the system

2.2 Experimental Procedure

In this study, the reactor was heated and
pyrolysis processes were carried out using bamboo
fuel. The bamboo (Thyrsostachys siamensis
Gamble)utilized was grown in Prachinburi province
and was around three years old.

Generally, the bamboo is 1-2 years old, its body
is covered in sheaths; however, by the time it is 3
years old, these sheaths have decreased, making it

simpler to cut and use for practical purposes.

The experiment started with the arrangement
of bamboo pieces that were roughly 5 cm in
diameter and 30 cm in length as shown in Fig. 2.
Wood chips were used to start a fire in the
reactor's fuel feed chamber at the bottom after it
was fully loaded. After that, the reactor's
temperature was raised by feeding it bamboo
fuel. The pyrolysis reaction was started in the
reactor by the bamboo within due to radiation and

conduction of heat.
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Fig. 2 Bamboo and uploading to produce biochar

The TCPS 657-2547 [10] and the TCPS 658-
2547 [11] standards, which are used as the
standards for biochar used as fuel for cooking and
grilling in Thailand, respectively, were compared to
the properties of the bamboo biochar obtained,
including moisture content (ASTM D 3173), ash
content (ASTM D 3174), and volatile matter (ASTM
D 3175).

The pyrolysis reaction produces three different
products: gas (CO, H,, CH,), liquid (wood vinegar),
and solid (biochar). Eq. (1) through Eq. (4) may be
used to compute the solid and liquid yields as well
as the reactor efficiency [12]. In gas composition
analysis, there were three repetitions. The Agilent
990 Micro GC was applied to determine the
composition of H,, O,, N,, CH, and CO in the gas
samples, which were collected using the 1-liter gas
bag (SamplePro Flexfim Bag) during the
experiments. Furthermore, the pH of the liquid
products produced by the reaction was measured

with the Mettler Toledo (Seven Compact S220).

m

char

ychar = (1)

bio

nchar = ychar X( J

Gaseous product = wt. of raw materials —

char

HHV

HHV
— (2)

wt. of solid and liquid products (3)

HHV = 0.3536FC +0.1559VM —0.0078Ash (4)

Where Y., is the biochar yield, -;
Nenar IS the pyrolyzer’s efficiency, -;

m is the biochar dry mass, kg;

char
M,;, is the feedstock dry mass, kg;

HHV is the higher heating value, MJ/kg;

FC is the fixed carbon, wt % (as dry basis);
VM is the volatile matter, wt % (as dry basis);

Ash is the ash content, wt % (as dry basis).
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3. Result and Discussion
3.1 Experimental Results

Biochar was made by placing 332 kg of bamboo
inside a reactor. Temperature measurements were
recorded inside the reactor and of the gas that
passed through the cooling tower until the
experiment ended as illustrated in Fig. 3, when the
firewood was lit at the bottom of the reactor to
produce heat. This was found that the reaction
could divided into three stages based on the
temperatures of the cooled gas and internal reactor:

Stage 1 Reactor heating (0-140 minutes): The
temperature rose to 450 °C, while the gas that had
cooled down was 87 °C. Gas products from the
breakdown of volatile compounds started to occur at
this early stage. In order to determine the gas
composition and heating value, a sample of gas
was taken at 76 minutes, as indicated in Table 1. At
28.3%, nitrogen made up the majority of the gas
composition, and its high heating value (HHV) was
4.59 MJ/Nm®. The high nitrogen content, which was
most likely caused by remaining air in the reactor at
the beginning, prevented the gas from igniting,
though.

Stage 2 Pyrolysis process (140-334 minutes):
The temperature varied between 450 °C and
595 °C, reaching its highest point at 277 minutes.

Smoke at this stage revealed a significant amount

ISSN (online): 2697-5548
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of volatle compounds. Reduced quantities of
nitrogen and oxygen were observed in a gas
at 180 minutes

OC,

sample obtained (reactor

temperature 475 cooled gas temperature
89 °C), whereas concentrations of gases that
produce energy, such as CH,, CO, and H,, which
have higher heating values (HHV) at 282,990 kJ/kg
mol, 285,840 kJ/kg mol, and 890,360 kJ/kg mol,
respectively. As a result, the HHV of cooled gas
increased to 9.74 MJ/Nm3, which decreased the
requirement for bamboo (as the fuel for heating)
input by allowing the gas to ignite and potentially
sustain the heat of the reactor by itself.

The gaseous samples were collected during
Stage 1 (76 minutes at 300°C) and Stage 2 (180
minutes at 475°C) of the experiment. Due to the
bamboo contains 12-28% lignin and 31-46%
cellulose [7, 8], and because of the different bond
breakdown temperatures of these components
during the pyrolysis process. Therefore, the
gaseous samples were collected at each stage. For
lignin and cellulose, the temperature ranges for
bond breakdown are specifically 250°C to 500°C
and 275°C to 350°C, respectively [4]. As a
consequence, the more smoke was generated
during Stage 2, which was at 475°C, indicating an
increased probability that the bamboo's lignin and

cellulose were breaking down.
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Fig. 3 Temperature profiles in the drum pyrolyzer and the cooled gas

Table 1 Gas compositions at different pyrolyzer temperatures

Time (min) 76 (Stage 1) 180 (Stage 2)

Internal pyrolyzer temp. (°C) 300 475

Cooled gas temp. (°C) 49 89

H, (vol. %) 3.66 10.25 11.36 10.82

0, (vol. %)) 3.80 10.54 1.47 10.19

N, (vol. %)) 28.34 13.20 4.48 10.65

CH, (vol. %).) 4.54 10.31 13.57 10.91

CO (% vol.) 21.56 +1.87 29.86 11.76

HHV* (MJ/Nm?) 4.59 9.74
Non-ignited Ignited

* HHV calculated according to Homdoung et al. [12]
Stage 3 Cool down (334-1060 minutes): After was opened. enable more

reaching a peak temperature of 595°C at 334
minutes, the temperature progressively declined to
451 °C as the pyrolysis reactions reduced and less
volatile matter was released as smoke. As soon as

the reactor's inside reached room temperature, the

examination, the bamboo biochar was taken out.
In the biochar production experiments, two

tests were conducted (Test #1 and Test #2) with

temperature results during the process shown in

Fig. 3. The temperature difference between the
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reactor's internal temperature and the recirculating
gas temperature (in the range of 100 °C - 595°C)
between the two experiments varied from -9.1% to
9.8% and -12.9% to 0.3%, respectively. However,
during the post-pyrolysis cooling period (Stage 3),
in range of 375 - 430 minutes, the reactor's door
used for bamboo loading and unloading began to
deform due to prolonged heat exposure. This
allowed air to continuously enter the reactor,
causing the internal temperature to cool more
rapidly. Nevertheless, the trends of both the
reactor's internal temperature and recirculating gas
temperature during the pyrolysis process period
(Stage 1 and Stage 2) were similar and occurred
within the same reaction range. As a result, Tables
1 and 2 present the results of the sample analysis
and the discussion above using the data from the
first experiment (Test #1).

Samples of wood vinegar that condensed from
the
internal

the

experiment.

condenser were collected during
the

temperature reached 400 °C, sampling for the pH

Once reactor's
measurement started, and samples were taken
every 30 to 45 minutes after that. The wood
vinegar had a pH range of 2.85 to 3.18 when the
reactor temperature was between 400 °C and 567
°C, according to the pH measurement data (as
shown in Figure 3). The pH value increased to
3.87 when the reactor temperature dropped to 331
°C during the cooldown phase (Stage 3). The
temperature of the pyrolysis reaction influences the
liquid products that are produced; the temperature
range between 450 °C and 600 °C yields the
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maximum liquid product yield [4]. Fig. 4 displays
samples of biochar from the reactor and wood
vinegar samples collected during the process.
Wood vinegar has the potential to increase tomato
(Solanum lycopersicum L.) yields when used
properly. Tomato yield can be increased by 44—
45% when wood vinegar, which has a pH of 3.09,
is diluted with water at a ratio of 1:800 by volume
and applied as a foliar spray and soil drench [13].
Furthermore, when sprayed in the field at a rate of
5,700 liters per hectare, wood vinegar with a pH of
3.3 can reduce weeds like perilla mint, Carolina
geranium, and creeping woodsorrel by roughly 70—
90% in just three days [14].

The current study used a drum pyrolyzer to
examine the properties of bamboo and the
products obtained from it. With a higher heating
value (HHV) of 19.1 MJ/kg, the raw bamboo
had 11.1% 78.0%
volatile matter, 19.8% fixed carbon, and 2.2% ash

material moisture content,

content (as indicated in Table 2). When the
bamboo was pyrolyzed at temperatures between
450 °C and 595 °C, significant changes in its

characteristics were observed.

A

 F
v\

Fig. 4 Bamboo vinegar and bamboo biochar
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The significant drop in moisture content from
11.1% to 4.94% suggests that the pyrolysis
procedure effectively dehydrated the material. For
the generated biochar to have better fuel quality and
longer storage stability, this moisture content
reduction is essential.

The volatle matter level of the raw bamboo
dropped dramatically to 39.2% from 78.0% in the
biochar. This reduction, which indicates the release
of volatile organic molecules during pyrolysis and
the resulting creaton of a more carbon-rich
substance, is expected and desirable. On the other
hand, the fixed carbon content rose significantly
from 19.8% to 52.4%, indicating that the biochar
structure contains a significant amount of carbon.
Given that increased heating value and better fuel
quality are correlated with this rise in fixed carbon, it
is very significant.

Compared to the raw bamboo (2.2%), the
produced biochar (8.4%) had a higher ash
percentage. This increase, which is frequently seen
in pyrolysis processes, is explained by the
concentration of inorganic materials rising as the
volatilization of organic matter occurs. Following the
TCPS 658/2547 standard, the biochar used in this
study had a high enough ash content to be used for

grilling. However, the result closely approximated
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DOI: 10.14416/j.ind.tech.2025.04.011

the cooking-related TCPS 657/5247. In raw
bamboo, the higher heating value (HHV) of the
biochar improved to 24.6 MJ/kg from 19.1 MJ/kg, a
28.8% improvement. One of the main benefits of
the pyrolysis process is the increase in energy
density, which makes biochar a more effective fuel
source.

The pyrolysis procedure produced 55 liters of
liquid (vinegar) and 115 kg of biochar as product
yields. These results translate into a gas yield of
48.8%, a liquid yield of 16.6%, and a biochar yield
of 34.6%. Based on the equation (2), the energy
conversion efficiency for this experiment was at
44.6. The raw bamboo's high volatile matter content
(78.0%) is responsible for the high gas output.
These volatiles are released and transformed into
gaseous products during pyrolysis, which explains
the significant gas percentage.

The 34.6% biochar yield derived from this study
was less than that of the study of Jarawi and Jusoh
[9] (50.2%), but the result was similar to that of
Kurimoto et al. [8] (40.7%). Differences in the
pyrolysis conditions and equipment design may be
the cause of this variation.

The drum kiln employed in this study and by
Jarawi and Jusoh [9] appeared to offer a good

compromise between yield and biochar quality.
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Table 2 Properties of bamboo biochars at different temperatures

Moisture  VM** FC** Ash** HHV** Biochar References

(wt%) (wt%)  (wt%) (wt%) (MJ/kg) (yield, %)

Bamboo 111 78.0 19.8 2.2 19.1* - Present work

(Raw material) 1025 4020 =017  %0.04

Biochars,

Temperature (°C)

450-595 4.94 39.2 52.4 8.4 24.6* 34.6 Present work
t0.37 4373 1381 +0.08

300-400 4.26 16.9 76.4 5.4 29.6* - R [71

400 4.80 223 75.2 2.5 30.0* 40.7 [8]

750 6.10 34.2 49.5 16.3 25.6 50.2 [9]

TCPS657/2547 <10 <25 > 57 <8 > 6000 [10]

for cooking kcallg

TCPS658/2547 <8 <8 <3 > 7000 [11]

for grilling kcallg

* HHV calculated according to Homduang et al. [12]

*k

Based on dry basis

*kk

Not specifie

Bamboo vinegar was produced with a liquid
yield of 16.6% and may find use in other industries
as well as agriculture. This moderate liquid yield
indicates that a considerable amount of the volatile
stuff is transformed into non-condensable gases,
even though some condensable volatiles are

obtained.

3.2 Economic Analysis

By producing both biochar and wood vinegar
through the pyrolysis process, bamboo can be used
as an alternative energy source. As such, the

research includes an economic analysis to calculate

the internal rate of return and payback period to
make an investment decision.

Given that the reactor was constructed of rolled
sheet metal, which can be harmed by excessive
temperatures, the economic analysis's assumptions
for the reactor’s lifetime and project duration are one
year. In the course of the project, the reactor
operates twenty times a month and monthly repair
fees apply. Not considered in the computation is the
energy cost of employing a 0.37 kW water pump,
which runs for just 6 hours every reactor cycle.
Table 3 displays details of the costs required for the

economic analysis.
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The method of calculating the internal rate of
return is to find out the rate of return at which the
Present Worth of Disbursements (PWD) and the
Present Worth of Incomes (PWR) are equal, as
indicated by Eq. (5) and Eq. (6) [15]. The process
of trial and error and interpolation to calculate the

rate of return and arrive at a rate of return (i )-

netPW =0 = PW_ — PW,

@]

Where PW_ is the present worth of incomes,
Baht;
PW5
Baht;

®)

1
@+i)"

6)

is the present worth of disbursements,

P is the present worth, Baht;
F is the future worth, Baht;
| is the interest rate, %;

N

months.

is the number of compounding periods, 12

Based on the costs and income listed in Table
3, an analysis of the cash flow generated by the
project over a one-year period is presented in

Table 4 and Fig. 5(a). As seen in Fig. 5(b), the
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project generates an internal rate of return of
46.75% each month when the net cash flow for
each month is computed as present value and
the internal rate of return can be determined
using Eq. (5) and Eq. (6). Moreover, the project
will start to recover its investment at the
beginning of the third month, based on Table 4's
cumulative cash flow. Investment in the
production of biochar and wood vinegar from
bamboo is feasible and interesting due to its high
returns and short payback period, as can be seen
from the internal rate of return and the payback
period indicated.

The production cost for biochar and wood
vinegar is 2,956 Baht per operation, divided into
1,998 Baht for biochar and 958 Baht for wood
vinegar, based on the data as indicated in Table
3. When calculated as production costs, biochar
and wood vinegar are at 17.4 Baht/kg and 17.4
Baht/liter respectively. This results in higher
profits from selling wood vinegar compared to
biochar. still

However, since wood vinegar

requires quality improvement processes and
packaging, which are outside the assumptions of
this research, the cost of wood vinegar may

increase further.

The Journal of Industrial Technology (2025) volume 21, issue 1

156

http://ojs.kmutnb.ac.th/index.php/joindtech



UNAMNITY

1sarsivImamaluladana1unssu (The Journal of Industrial Technology)

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2025.04.011

Table 3 Cost and revenue estimation for bamboo biochar using a drum pyrolyzer

Category

Estimation (Baht)

Description

Pyrolyzer drum
Condensor unit
Other materials
Labour

Maintenance cost

Bamboo for heat resource

Bamboo for making biochar

Biochar
Vinegar

Salvage

-100,000
-32,000
-10,000
-400/person
-15,000

-2 Baht/kg
-2 Baht/kg
21 Baht/kg
60 Baht/litre
5,000

1 unit/12 months

1 unit/12 months

1 unit/ 12 months
2 persons/operation
1 unit/month

75 kg/operation
332 kg/operation
115 kg/operation
55 litre/operation

1 unit/12 months

Table 4 Monthly cash flow for bamboo biochar production

End Income Disbursement Balance Cumulative
of month (Baht) (Baht) (Baht) cash flow, (Baht)
0 0 -142,000 -142,000 -142,000

1 114,300 -47,280 67,020 -74,980

2 114,300 -47,280 67,020 -7,960

3 114,300 -47,280 67,020 59,060

4 114,300 -47,280 67,020 126,080

5 114,300 -47,280 67,020 193,100

6 114,300 -47,280 67,020 260,120

7 114,300 -47,280 67,020 327,140

8 114,300 -47,280 67,020 394,160

9 114,300 -47,280 67,020 461,180

10 114,300 -47,280 67,020 528,200

11 114,300 -47,280 67,020 595,220

12 119,300 -47,280 72,020 667,240
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Fig. 5 Cash flow diagram for one year (a) and internal rate of return of the project (b)

For biochar, the selling price assumption used in
this research is 21 baht/kg for wholesale, and profits
can increase if retail sales are possible. On the
market, biochar that can be utilized as an energy
source prices between 35 and 45 Bahtkg.
According to the costs involved in this study,
producing biochar from bamboo in a drum pyrolyzer

might be reasonably priced.

4. Conclusion

The present study concludes that the bamboo
pyrolysis method, which applied a drum pyrolyzer,
revealed an effective distribution of products and
achieved a balance between the yields of liquid,
gas, and biochar. The process vyielded 34.6%
biochar, 16% vinegar, and a noteworthy 48.8% gas
while operating at temperatures between 450 °C
and 595 °C. Energy recovery was made possible by

the high gas production, which is linked to the high

volatle matter content of the bamboo. When
compared to raw bamboo, the resulting bamboo
biochar had considerable improvements in fixed
carbon content and heating value, displaying a
heating value of 24.6 MJ/kg. Whereas this might not
satisfy every strict standard for premium commercial
biochar, this exhibits potential for a range of uses.
With a monthly internal rate of return of 46.75% and
a payback period of roughly two months based on a
one-year project timetable, the procedure indicated
potential from an economic standpoint. In order to
further improve fixed carbon content and lower ash
content and maybe achieve more exacting quality
criteria for specific applications, future studies could
concentrate on optimizing pyrolysis settings.

The steel reactor was found to have problems
during the experiment, especially at the door where
bamboo was loaded and bamboo charcoal was

unloaded at the end of the operation. Temperatures
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can rise to about 600°C during the pyrolysis
process, and materials that are exposed to heat for
long periods of time might deform and damage.
Long-term exposure to high temperatures also
caused holes to develop in the combustion chamber
tube. As a result, different heat-resistant building
materials, such stainless steel, need to be
employed.

Thyrsostachys siamensis Gamble bamboo for 3
years old, which was utilized in this study. However,
the age and species of bamboo could have an
impact on the characteristics of charcoal, such as
their ash content and heating value. Therefore,
choosing a suitable species and age of bamboo to

produce biochar could be considered.
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Abstract: The purpose of this research was to study precipitation in friction stir welded semi solid 2024
aluminium alloy (SSM AI2024). The shape of stir head is cylindrical was employed with 3 parameters
which composed of rotational speed (790 rpm), welding speed (22 and 36 mm/min). The results showed
that mechanism and effect of precipitated on welded in various areas. The region of base metal (BM)
was illustrated the dispersion of precipitate GP zone in matrix obviously and eutectic phase was found
dispersedly at grain boundary of globular alpha-aluminium grain (0l-Al) and rod-T phase dispersed within
the Al matrix. The region stir zone consists of precipitate S’/ S (Al,CuMg) and rod-T phase (Al,,Cu,Mnj).
While, region TMAZ of the RS and AS was GP zone, precipitate S’/ S, rod-T phase and dislocation.

Effect of precipitation on mechanical properties wherewith difference between structure and volume.

Keywords: Friction Stir Welding; Precipitate; Dislocation; GP Zone
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Abstract: This article aims to design and develop an advanced system for monitoring equipment
malfunctions within an integrated solar and wind energy power generation experiment. The system is
designed to control an 80-watt hybrid power generation system, combining solar and wind energy.
Equipment malfunctions within the experimental setup are monitored through a sophisticated test circuit
board in conjunction with Microsoft Visual Basic software, which displays the malfunction status of any
damaged equipment, thereby facilitating maintenance procedures. The test results validate that the
control and malfunction detection system for the hybrid solar and wind power generation setup can
reliably operate with electrical loads as required. Moreover, the equipment monitoring system effectively
detects system malfunctions, as verified by the measured values from the test circuit board, which fall

within the reference range +3% of standard measuring instruments.
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Abstract: The number of elderly individuals facing Alzheimer's disease is increasing. Prevention can be
achieved through various forms of brain exercises or brain training games designed specifically for the
elderly. This has led to the idea of designing toys that aid in preventing Alzheimer's disease in the
elderly, with Kansei engineering being applied in the product design process. Research data were
collected from elderly people in Songkhla Province through a survey using four questionnaires, which
calculated the sample size at a 90% confidence level, resulting in a total sample of 58 samples. The
results found that feelings regarding quality, playfulness, aesthetics, visual comfort, enjoyment,
simplicity, and safety allow access to the emotional responses of the elderly towards the product.
Additionally, analysis of the Signal-to-Noise ratio and variance was conducted to identify important
product characteristics for design. It was found that the design should prioritize features such as rugged
surfaces, skill enhancement in stimulating physical movement, analytical play, components weighing less
than 250 grams, 1-2 players, medium size, gentle curves, vibrant colors, and simple patterns. These
findings led to the design of a prototype product manufactured using 3D printing technology with wood-
plastic composite materials. Subsequently, consumer satisfaction analysis yielded a satisfaction rate of
97.6%, reflecting the appropriateness of responding to the needs of the elderly, and designers can use

these findings to design and develop a variety of toys for the elderly.

Keywords: Kansei Engineering; Effective Engineering; Elderly Toy; Alzheimer’s; Wood Plastic Composites;

3D Printing
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ATANBTUNA AN UH LEAISIANTIN 4 Wuinlums
sanuuuAIiANUER M NIENE A U aE
edalUil vuranans (15-30 cm.) (A1) Fanansds
PUIANINTINLE DT EI 1 D ILEWULE 2T H
Usznaumnaanis Quiﬁmu (B2)

ﬁuﬁ’mgmi: (C2) Fauaala (D2) Swaukian 1-
2 A (E1) MIAHLULAAIATIEA (F3) aaaaaisay
i1 (G1) Sminkeundn 250 Nw (H1) uaz N3
gaasusumnesenlnseme (13)

3.3 waﬁmiw:ﬁqmﬁﬂwmzmﬁmﬁ'wﬁﬁaamﬁm
NUAUAAIAATEN (WuUsaUINT 3)

ﬁwamilﬁmamawﬁagmﬁ’qmmuaaumuﬁ 3
mn;ﬂ’uﬂnmﬁwmu 58 ¥i1% U717 1ATIZR AN
ud3137% (ANOVA) mqmﬁnﬂmmﬁ@ﬁmﬁmﬁ'ﬂﬁ'

aa@ﬂﬁaaﬁuﬁﬁLLamm'}wiﬁnlmmuaaumuﬁ 1
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A13199 2 NMTIALTBIN 08 IALLY (Kansei Words)

szian  anan NIIALIL
(10C>0.5) daualna
AW ATANIN ATAN N
Juluuy flanian fanian
aula AMURILINN
Usenivla
Haan
AMUFLIEAN AMNFLILAN
Qmauu‘“@ LWRALNE LWRALNE
AUNEU
ANZRY lsdrusan
lsrusan
NuaaN TN
Unaany Unaany

Lﬁaﬁmﬁzﬁmqmﬁﬂwmmﬁ'ﬂﬁﬁmmém”zy@ia
mwjﬁﬂmadﬁuﬂnﬂ insulisuinauteys
TRINA AN UZAINUARZAINUAIUAAIAFEN
7 61 QUMW TFNIAK ANV ANUFLNE
A1 INRAWNAY lalTuTan wazUaaans) aaunns
a5z ALY TU5I% (ANOVA) Hulysunsu
SPSS damafi 5 azdiuldin qmé’nwmmé’nﬁﬁ
mmé'}ﬁ‘mﬁiag}”u’%lnﬂmminL'%?Jamwéﬂé’uvlﬁﬁaf:
WU (15.00%) NMTLESUNNSE (15.03%) SNHIA
NLE (14.94%) Bimiin (13.73%) wInlan
(12.68%) PUNAVBITUFIL (10.94%) 3UN39209L6%
(841%) INUF (8.11%) wazad19a1y (1.07%) lay
Qmﬁ'ﬂwmm?zm"’msv‘?%ﬁ'ﬂﬁﬁmé'mﬁmumiﬁmu
34 (%Contribution) g9z A AN WULHRA A TUH

winnilanuiAysdeanuiinuasuilnauniga

The Journal of Industrial Technology (2025) volume 21, issue 1

199

http://0js.kmutnb.ac.th/index.php/joindtech



13153 analuladana1unssu (The Journal of Industrial Technology)

’

UNAMNITY

a I3 o a_ o ¢
M1979N 3 a\'jﬂl]izﬂ@Umaﬂﬂmaﬂﬁm:ﬂa@ﬂmm

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2025.04.014

A13191 4 HAIATNTHOATIEIW Signal-to-Noise

a9Aliznay  QuANBMEHAAA YLD
A T4 A1 awanand (15 - 30
cm.)"
A2 wwalng (>30 cm.)
B JuUn B1 mwnay
B2 wyuldaun"
C Awin C1 AwiniSuu
c2 ﬁuﬁ’mgmsz”
D Inuf D1 #hiByTama
D2 #Fuaa b
E dwwy E1 120"
LA E2 3-5au
E3 110115 an
Fanwue F1  @auaa
NNILEW F2  vingemsleam
F3 n3aaiaszh”
F4 nsuntlgym
G a9ay G1 alaanaispudng”
G2 AR HIIRIATIVAN
H siwin H1 waandi 250 n3n"
H2 1NN 250 N
I mass 11 nsfauarmIwidym
NN 12 NEdwINIEILNG
13 msedeulnisame?
14 NIzGUUNEUNW

"qué“nwmmﬁmﬁ'msﬁﬁmi"uLfluLmeﬂummammu

29@ JE0U Dif-
Usznou 1 2 3 4 ferences
A 9.19 4.10 5.09
B 468 9.55 4.87
C 713 7.33 0.20
D 6.86 9.94 3.08
E 8.27 6.70 1.73 6.54
F 9.77 494 1047 9.46 5.53
G 9.03 3.9 5.12
H 10.61 3.95 6.66
| 10.75 10.75 10.99 10.39 0.60

NANITALATIZAANNLUTUTIRNUI HEAA S

maudué’m%%’uﬁgaaﬂqmmsnﬁwqmé’nwmz

v a

Huslnaasda bl

U

ﬁ'uﬁ’sm?mi: (C2) NILRIUNN 1L

WRan T ANfdauEAYsa
Lﬁiaﬂi:@:fuﬂ’li
waanlnasienie (I3) NMITLEBAATILAIIEA (F3)
imingusuitosnin 250 n$u (H1) WAL
1-2 @1 (E1) TH1anad (A1) quiﬁauu (B2) Faw
fala (D2) LAZAIAALLTHUINY (G1) ANNUS1AL
WaNUUUNAAS M b agnamanzaw Wiasan
Qmé‘nwm:ﬁndnm%aﬁué’mﬁwa@iammfﬁn
maana;uLﬂ'mmﬂumstﬁan%awﬁm”wﬁmaaLa'uﬁ
todasunuialinda louasluggiaiy

3.4 MI0ONUWULNRAN Ut
3.4.1 TafmnualuNTeaNLULNEAA U
INN1TIATIEARIUTAIANIANUAE
ﬁaﬁ’mu@qmé’nwmzwﬁmﬁmsﬁﬁiﬁsammmﬂ
3

%

. a A v a o ed
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AANINABUAUEIAEANNABIN TR LTINANTN
ﬁq@ FveanuuuNAaA A o mansmzlay
FavdauauaudIALdneazidua wai (1)
i ‘ﬁvuﬁwawauduﬁﬂﬁﬁmwmmi: oz
lﬁﬁgqu{waaLﬁiu"L@Tnﬁf@ﬁaIﬂUVl&iﬁu"Lm"Lﬂm
(2) MIETUNNBE HRAA NI TES NN Nl
dumaedonlwivesiome laglddelunimdu
FUVDILEY (3) ANHIEMNTLEN DONUUUNAAS U 7]
IFanudalumsen Wassnmslganudaiodn
35nslunstasiulsasalowed @) iminves
Y ILA LﬁaumﬂggamqﬁLLsalummﬁuﬁuﬁam
warius ssududaseanuunlvaasmeiSiminiun
Lﬁalﬁdﬂﬂ@iamwﬁuﬁ'uLLa:leiLﬂué'umwmiangu
(5) Iwanrllan aammwauﬁu‘tﬁﬁ@éuﬁﬁmu 1-2
AL NIDUINNINL® W aaoEsuNTREaNTIN
Haseny uazdsislidgeeny lidnitlumwa )
yuevesvasan sonuuulivesduiamained
Augaseny lavvwa lilnguandnawdnly 7)
UNIIVBIVBILEY aammulﬁgmauduﬁmmiﬁa

A3199 5 HaNIIATZRANNLLTUTIN (ANOVA)
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wu iadasnusuanolumatsud arian (8) INuf
sanuuulvilFsusala Lﬁiaﬁa@@@dulﬁﬁmwaﬂa
LATEENNLEUTBILA® Wa(9) aaas sanuuulid
ANUSILY TRBANELNEANY LA

342 HAMIDUULULNRAN U
nnmaydaivuaniseenuuLNian
MIRILNG LLazmiaaumquamqwudwﬁmlmgzﬂ'ﬂ
Aunaunuadalulnsdnrisate @”mfuﬁdﬁw"lﬂ;j
mssenuULINueIdendansazs Ui lddeiioie
Wumsinnsinaanlniuazmifadese lagd
FugIua26o 6 Jduuy udazdua 09T UEIN
Uszneudiadaiay 1 09 6 A5muaufenasgnidi 2
Qmﬁiamgmmwaﬁumu wazrewlunTINg
Tosldeaunnsdn N5 waue 0451y
Fon 9 UuguAdzasaua 4xd laovinnaidon
wuy 3 Saeelisunsy SolidWorks GefiTpazioa

LEAIAIANTIN 6

asadsznay HRTINANGINEY BIFDETE WATINNNaIHBsaAY %Contribution SWEL
(Sum of Squares) (df) (Mean of Square) (Rank)
A YUa 21.42 6 3.57 10.94 6
B gUniv 16.47 6 2.75 8.41 7
C Wui 29.56 6 4.93 15.09 1
D Inu# 15.89 6 2.65 8.11 8
E fﬁwmu;&”l,a'u 24.83 6 4.14 12.68 5
FanmmeMILas 29.27 6 4.88 14.94 3
G AIA[Y 2.09 6 0.35 1.07 9
H ﬁﬁ%ﬁﬂ 26.90 6 4.48 13.73 4
| MRINTINBEE 29.44 6 4.91 15.03 2
Total 195.87 100
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size : 14.5x14.5x3 wd.
weight : 144.2 N34

size : 2x2x2 T.

weight : 6.9 N3

size : 2x2x2 Td.

weight : 6.8 N34

size : 2.5x2.5x2.5 Gu.
weight : 6.2 NI

size: 5x5x5 y.

weight 1 : 37.5 N34

size : 2.5x7.5x5 TY.
weight : 21.1 N3V

size : 2.5x2.5x7.5 .
weight : 16 N3

size : 2.5x5x7.5 TY.
weight : 21.2 N3

size : 2.5x7.5x5 TY.
weight : 21.2 N3

3.4.3 Namﬁfugﬂwﬁwﬁmsﬁ
Wolduunaasmsianmad suuuuriin
1U5unsy SolidWorks mﬂﬁfuﬁﬁmiﬁugﬂ a8
Sasman 3 56 IﬂUsl,%ﬁ'a@gﬂi:ﬂauvlﬁwmaﬁﬂﬁvlﬁ
nmskanRg s AU ananaanlunnsu
31 LLameTagﬂﬁ 2 ladduT e InuA 0
auansusnianmyidaseanuuulilfdusala

witizgusznauldwana@nludaguiudslifinnavild

Taqdd ﬁaﬁﬁmiifugﬂwﬁmﬁ’msﬁ@hméfuwmaaﬂ
Fanw (Polylactic Acid; PLA) fianaumannmans
2098 NGRS A FenaT arnue
LLam@T\igﬂﬁ 3 Snvswanadniinwesdanulauss
F0210LTIRVIZFIRT U WL DT80S (Model)

~ v ' J 1 I3 v
uazanuudalsd 1“11\1’]%\‘]'1 wugﬂmmm:mum 637

35 Namiﬂiuﬁumwﬁowalwaamjm‘i’aazmﬁﬁ
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Aa a a 6 o a 6 1 A
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A =< o R A o
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AMVUFIVINN ANMNFLILAT AMNLWAALWAYK AN
Uaaany @T’mqmﬁ‘nwmzwﬁﬂﬁm%ﬁmﬁ‘uﬁmﬁn
WRZANBMATLEUIaNT I RUTIT AN WA
anudaganigalunisdesiuninialindsls

¢ & ~2 v A a

wad Tanannuninalavesguilnafiaiiw
FOAANBINLITWIALVEY Rawangwong et. al. [15]
N8N80 NIDONBUUBAZNAIUINRAA W WUI
YT AUAUANMURILINNTAINA AN T AT NG D

ANMNNIN ahmao;\?u‘ﬂnmﬂué’uﬁ'u wIn

3N 2 @Tmmuwﬁmﬁmﬁﬁaﬁaﬁm%’u@gamq

laviaqusznavliwanadn (WPCs)

]
~

i

6 o

sd 3@Tmmumﬁmﬁ'mmm@iaﬁm%’u;jgamq

u
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mwﬁawa‘lwaaé’ﬁfnﬂﬁﬁdaNﬁmﬁmeﬁ Average S.D.
AUAILEA 1 9NN (Quality)” 5.00 0.00
AMNAN 2 dgniaw (Gimmicky) 4.47 0.75
3 auUEILINN (Beautiful)” 5.00 0.00
4  anuRUILa (Visual Comfort)? 5.00 0.00
5 LNRALWEW (Enjoy)? 5.00 0.00
6 luTudan (Uncomplicated) 4.97 0.18
7 dssans (Safe)? 5.00 0.00
UG AN U 1 weaandvwianany (A1) 4.95 0.22
NRAN U 2 gﬂmdmawauﬁiuﬁagﬂﬁwu (B2) 4.52 0.54
3 v{uﬁwgm: (C2) 4.70 0.50
4 InuFsuaaba (D2) 4.90 0.30
5 FwIulan 1-2 aw (E1) 4.87 0.34
6 anMMEMIEBLITNNIAAIATIZNA (F3) 4.97 0.18
7 aeagiseude (G1) 4.92 0.28
8 hwmunguswianin 250 n3y (H1)? 5.00 0.00
9 ﬂ’lsl,a'%&m”ﬂml,ﬁaﬂizﬁumsl,ﬂﬁauvl,ms'wmsJ (13) 463 0.64
MunIaan 1 anwmemadwioitasiunsldanuda 498 0.13
I5naa bowas 2 anwoemiswieitasiumsldans? 5.00 0.00
3 snsmemaswAmTasiumaafanlniime 465 0.61
4 Frenaudsgannuaulalumuau 4.98 0.13
1lasiEnd (%) anadnala 97.6%

2/ = > v & o A va
AITUNIN alﬁ]“flﬁ? UNIINADURUDIAMNUADINIINIDIIN Y aagm‘[na‘lww
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TJasnunisifialindalawasluggiany
ﬂs:ﬂauﬁmqmﬁ'ﬂwmm&ﬂ@ﬁf{ YUIAVDILAY
gﬂ'ﬂiwawaua’u Anda Inud fﬁwuau;jl,a'u
SNWHENITLE® AIAATY HIWEN WATNTIASY
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s19me e ladarnualuniseanuuunaasms
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RO DL 39 1aYNN15TaTzaNuY YN
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ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2025.04.014

1-2 A (E1) v0dlaniawianaly (A1) 3UNI9V89
vassudyuldsnu (B2) Inuddusala (D2) uaz
AAa18L38UdNY (G1) ANNE1aL ﬁw"l,ﬂgimi
aammwﬁmﬁ'wﬁ@ﬁ@iaﬁ‘ﬁugﬂﬁwm%‘mﬁwﬁ 3
i@ (3D Printing) lasldiagusznavlinmadinuas
NANRANTININ (PLA) NI HEA S ATV B 9L A
ﬁi@”’[ﬂaaﬁuﬁﬁﬂﬁﬁg&mﬂqﬂ@ammuua:ﬂinﬁu
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