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Abstract: Uneven cure of thick-wall rubber products is regarded as one of the most undesirable
phenomena since it results in a significant loss of mechanical properties. The primary objective of this
study was to investigate the effect of the curing system, filler type, and content on the temperature
distribution and thermal conductivity of rubber compounds during the compression molding process.
A special compression mold was designed and constructed to measure the temperature distribution
across the thickness of rubber parts. The measured results indicated that the efficient vulcanizing
system (EV) gave a better temperature distribution across the thickness than conventional vulcanization
(CV). Concerning the thermal conductivity of rubber compounds and vulcanizates, it was found that the
thermal conductivity increased with the increase of filler content. In addition, the thermal conductivity of
cured rubber dramatically decreased as compared to uncured rubber. Furthermore, it should be noted
that the decreasing thermal conductivity of rubber compounds, especially for high carbon black loading
and thick-wall moldings, directly affected the uneven cure of rubber products. In this work, the step cure
was proposed to enhance the temperature distribution across the thickness of rubber compounds.
The results obtained in this measurement showed that the step cure could improve the vulcanization

efficiency as compared to the conventional method.

Keywords: Compression molding; Rubber Compound; Temperature distribution; Thermal Conductivity;

Filler type and content; Vulcanizing system
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Abstract: This research studies the effect of post weld heat treatment (PWHT) on microstructure,
mechanical properties, and high-temperature wear resistance of AWS A5.9 ER420 deposited filler metal.
The gas metal arc welding process (GMAW) was performed by using the welding parameters: current
range 190-230 A., Arc voltage 21.5 V, and welding speed 6.4 mm/s. After welding, the specimens were
carried out into the PWHT at 500 °C and 700 °C for 2 hrs. According to ASTM G99, the abrasive wear
test was performed at room temperature, 100°C, 200°C, and 300°C respectively. The experimental
result shows that the hardness of weld metal increased when the PWHT at 500°C was performed,
conducting a decrease in wear rate. On the contrary, the wear rate increases when the hardness of
deposited metal reduces caused by PWHT at 700°C. However, it was found that the high-temperature
wear rate decreases when the test temperature increase due to the modification of mechanical

properties and oxide formation of iron and chromium on the deposited metal surface.

Keywords: Hardfacing; ER420; Post Weld Heat Treatment; Wear Resistance
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Abstract: The purpose of this research was to investigate the engineering properties of mortar
incorporating recycled fibers from waste-printed circuit boards used as admixtures at varying ratios. The
study examined the chemical composition and physical characteristics of the fibers, including particle
size gradation, shape, and surface properties, using scanning electron microscopy. Additionally, the
study evaluated the fresh and hardened properties of the mortar, such as initial flow, setting time,
compressive strength, flexural strength, thermal properties, and heavy metal concentration. The results
showed that the majority of recycled fibers from waste electronic circuit boards were cylindrical rods with
a diameter of approximately 12-15 um and lengths ranging from 30 to 200 pm. As the number of
recycled fibers from waste printed circuit boards increased in the mortar, the initial flow and setting time
increased, while the compressive strength, flexural strength, and thermal conductivity coefficient
decreased. Mortars containing 20% recycled fibers from waste electronic circuit boards exhibited the
highest compressive strength and flexural strength of 36.35 MPa and 15.66 MPa, respectively, after 28
days. Furthermore, the concentration of heavy metals in the mortar was within the standard specified by

the National Environmental Board's notification.
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Abstract: Chicken breast and chicken tenderloin are the main raw material used in the topping
production of pet food products, which is the core product of the company and also increased
production capacity every year. But it was also found in the topping production including chicken
thawing, chicken boiling, and flake production, occurring a high percentage of the weight loss of the
main raw material (Drip loss). As a result, the cost of raw materials is increased and the percentage
yield (%Yield) of the production target cannot be achieved. Therefore, this research aims to increase the
yield of frozen chicken in the pet food topping process by applying DMAIC principles. The 3 solutions
are proposed; (1) to change the method of thawing the chicken from set up immersion in a normal-water
thawing tank change to electric defrosting with water and air, (2) the standard time for the chicken
boiling process as the size of chicken breast and chicken tenderloin, and (3) to re-design a tray under
the flaking machine. The results showed that in normal boiling, the yield of chicken breasts and
tenderloin increased by 8.55% and 7.55%, respectively. In dry-boiling, the yield of chicken breasts and

tenderloin increased by 1.70%. and 5.30%, respectively.

Keywords: productivity; efficiency; DMAIC; pet food; frozen chicken
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Abstract: The goal of this project is to design and construct a gas purification system and a gas
compressing unit for biogas, an eco-friendly fuel used to produce sour tamarind at the OTOP
manufacturing facility in Duang Thong District, Phetchabun Province. The first aim is to study and build
purifying scrubbing equipment. A scrubbing device is a type of gas purification system used to separate
raw biogas and remove pollutants as it exits the digester. Its filter parts are made of carbon dioxide (CO,),
water vapour (H,O), and hydrogen sulfide (H,S). The second step is to build and test a machine for
compressing pure biogas into a gas tank. This machine includes a compressor and a metering system
controlled by an electric device. The last step is to conduct a scrubbing test and an examination of the
proper biogas output. The results of the test and analysis found that up to 98.0% of the biogas produced
by the scrubber is Methane (CH,) gas. The remaining 2 percent is other impurities or compounds from raw
biogas, which could potentially be removed. The average test result of filing the gas tank with the gas
each time revealed that it could hold 0.2 kilograms of gas, consumed 0.037 kWh of electricity, took
12 minutes and 23 seconds to fill, and could bake 125 kilograms of tamarinds in 1 hour and 20 minutes.
The result of low-cost solar radiation protection drying technology transfer at Duang Thong Community
Enterprise Group in Phetchabun Province is based on the demonstration of baking at the enterprise group
and the delivery of knowledge about the bakers to 20 group members. All three aspects of the assessment

had an average of 4.7 out of 5. which shows satisfaction at the highest level.

Keywords: Raw Biogas; Biogas Scrubbing; Sour Tamarind Cube manufacturing
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1. Introduction

The sour tamarind cube product has been the
best of OTOP (One Tambon One Product) in
Duang Thong district, Phetchabun Province, from
2019 to 2021. One of the important processes for
sour tamarind cube manufacturing is the tamarind
boiling process. Normally, the tamarind boiling
process in OTOP Duang Thong would require a
15-kilogram LPG gas tank for every 1000
kilograms of sour tamarind per day. The use of
LPG gas is the cause of the rising cost of OTOP
Duang Thong manufacturing. Currently, biogas
technology is one of the alternative energy sources
and is becoming the best choice of fuel for
cooking, such as boiling, burning, and drying, in
rural or developing communities. Biogas can be
produced through a process called biogas digester

by collecting organic wastes in rural areas [1].

Fig. 1 Elastic balloon containing raw biogas

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
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The pig farmers in villages nearby the tamarind
processing group have been collecting pig biogas
by covering pig manure pits with PE plastics, which
create elastic balloons containing raw biogas, as
shown in Fig. 1. These farmers could only use the
pig biogas for household cooking; any unused
biogas would be discarded. Therefore, the research
team proposed the idea of reserving the unused
biogas in gas tanks, which is later used for steam
heating the tamarind in Doung Thong Group
manufacturing.

The process of biogas production is a simple
and low-cost technology that encourages a circular
economy and healthy cooking. It can also be used
in household cooking applications since biogas is a
clean-burning fuel [2]. However, the disadvantage of
biogas fuel is the need for a pre-purification process
to remove impurities such as carbon dioxide,
nitrogen, water vapour, and hydrogen sulfide that
came along with the digester gas, as shown in
Table-1, including sulfide (H,S), nitrogen (N,),
carbon dioxide (CO,), and water vapour (H,O).
These impurities are caused by reducing heat and
increasing the capacity of the biogas tank [3].

As a result, the goal of this research is to create
purer CH, gas filtration before filling it into gas tanks
and using the gas as fuel in the tamarind baking

process to reduce the cost of tamarind production

for the Duang Thong Community Enterprise Group.
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Table 1 Substances of raw biogas from anaerobic

digestion processes [4]

Substance of Percentage of

Biogas Biogas (%)
Methane (CH,) 50-60
Carbon Dioxide (CO,) 34-38
Nitrogen (N,) 0-5

Water Vapour (H,O) 6

Hydrogen Sulfide (H,S) trace

2. Methods and Materials
2.1 Methods of Purifying and Compressing Biogas
The conceptual design of the purifying and
compressing biogas system for use as fuel in the
OTOP Duang Thong district is shown in Fig. 2.
First, starting at the elastic balloon on the right,
this corrects raw biogas and connects to the
scrubbing system via PVC pipe outlets. The
scrubbing system consists of three filter parts to
separate and remove impurities, which are the
input part or carbon dioxide filter, followed by a
water vapour filter for water vapour removal, and
the final part the hydrogen sulfide filter is the
output part of the scrubbing system. Second, set
up the gas compressing unit, which consists of a
compressor, pressure switch, and pressure gate,
then connect it to the output pipe of the hydrogen
sulfide filter part. Finally, compress pure biogas

into an LPG gas tank for use as fuel [5].

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
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2.2Materials of Impurities and Biogas
Compressing System
221 Scrubbing System

The scrubbing system was designed for raw
biogas purification to separate the substance of raw
biogas and remove impurities produced by the
digester. The scrubbing system is made up of three
major components, which are as follows [3]: (1) Part
of the carbon dioxide (CO,) filter (2) Water vapor
(H,0) filter component and (3) Filter for hydrogen
sulfide (H,S). The materials of scrubbing in each
part are as follows:
2211 Carbon Dioxide (CO,) Filter Part

This part is an input to a scrubbing system

made from an enclosed PVC pipe, with a diameter
of 10.24 cm and a length of 70 cm, which contains
calcium carbonate and water at the site shown in
Fig. 3. It is used to transform the carbon dioxide in
raw biogas into calcium carbonate (CaCO;) form.
Calcium carbonate reacts with carbon dioxide into
calcium carbonate form. The chemical reactions are

as follows: (1) [6].

CaO + CO, —> CaCO, (1)

2.2.1.2 Water Vapour Filter Part

The water vapour or moisture filter is the
second scrubbing part made of metal enclosed in a
cylinder with a tube shown in Fig. 4. The inside of
the Drier filter contains substances with hygroscopic
properties such as silica gel, calcium sulfate, and

alumina gel [7].
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Fig. 4 Water vapour filter

2.2.1.3 Hydrogen Sulfide (H,S) Filter Part

This part is the final part of the
scrubbing system, in which hydrogen sulphide in
raw biogas will be removed with catalyst iron

oxide in the form of oxidized steel wool inside this

device, made from PVC pipes of 5.12 cm in
diameter and 50 cm in length. The biogas from
the second part will flow past and make contact
with this steel wool and iron oxide, then be
converted to elemental Sulphur. The chemical

equation is as follows [4]: (2) and (3).

2Fe,0, 6H,S —> 2Fe,S;+6H,0 2)
2Fe,S;+30, —> 2Fe,0,+ 6S 3)
The H,S scrubbing design includes a

transparent fiber container filled with steel wool to
act as an H,S scrubber, as shown in Fig. 5. The
container has two passages, one for the inlet
tube and the other for the outlet tube. Both of
these two passages are sealed with a sealing
agent.

The biogas will flow through these

passages before entering the compression
system, and the pump will act as the driving force

to move the gas through the steel wool.
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Fig. 5 H,S filter

2.2.2 Compressing System

The air compressor in refrigerators has been
selected as a part of the compressing system, along

with an electrical control device, shown as a single-

line diagram in Fig. 6 and 7 [8]. The scrubbing and 3 R

gas compressor for biogas in OTOP Duang Thong
Fig. 7 Power Circuit of compressor biogas [10]
District was shown in Fig. 8.

L Y

CB

Emergency
Switch

S1 +-

2 -
3 ¥K1 K1 K1

Fig. 6 Single line circuit of the compressor Fig. 8 Complete scrubbing and gas compressor for

control system [9] biogas in OTOP Duang Thong District
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3. Result and Discussion
3.1 The Result of Compressing System Test

In this experiment, raw biogas will be fed into
the 15-kilogram gas tank via the compressing
system with the air compressor. It is done
through a system device consisting of a check
valve to protect the gas return, a pressure switch,
and a pressure gauge before being compressed
into the gas tank. After the gas tank was filled, it
could be used to boil water for steaming the sour
tamarind. The 200-liter baking tank, which weighs
125 kilograms, has a capacity of 20 liters of water
each time. In comparison, LPG gas is normally
used with a 5-inch gas burner as fuel to boil
water for heating the tamarind. The result of the

test is shown in Table 2.

Table 2 The result of the gas compressing unit

test for 5.0 times

Descriptions Result
Average Weight of gas 0.2 kg.
contained in the gas tank
Average Energy of gas 0.037 kWh
compressor
Average total time for 12 mins and
compressing gas contained in 23 sec

the gas tank

Average total time for boiling 1 hour and 20

125 kg. of tamarind. mins

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
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Based on the data from Table 2, the average
time of compressing gas into the gas tank is
about 12 minutes for a 15-kilogram gas tank.
The average electrical power consumption for
compressing is only 0.03 kilowatts per hour,
which is very little for this system. The average
weight of biogas contained in the gas tank each
time is 0.2 kilograms, which can be used as fuel
for boiling 125 kilograms of tamarind in 1 hour

and 20 minutes.

3.2Result of Scrubbing Test

The results of all 5 gas measurement tests
are shown in Fig. 9. The results of technology
transfer for biogas for use as fuel in the
tamarind processing industry of Phetchabun
province are based on an assessment by 20
members of the Duang Thong group. The
evaluation was done in three aspects. The

results of satisfaction are shown in Table 4.

3.2Discussion

Twenty members from the Duang Thong
Community Enterprise in Phetchabun Province
participated in the knowledge and technology
transfer project. These participants have three to
eight years of experience in tamarind drying.
The evaluation was done in three aspects, and

the results of satisfaction are shown in Table 4.
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Results of scrubbing test for raw biogas purify 5.0 times
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Fig. 9 The result of the gas compressing unit test for 5.0 times

Table 4 Results of satisfaction questionnaire.

Assessment Details Mean S.D Conclusion

Knowledge transfer process
Trainers have knowledge and the ability to convey. 4.58 0.52 very
Trainers have easy-to-understand techniques and methods for 4.54 0.58 very

transferring knowledge

Trainers can answer questions covering questions 4.28 0.64 very
Trainers have a variety of media to transfer knowledge 4.38 0.58 very
Trainers used the time for training and demonstration 4.35 0.53 very
appropriately
Average 4.44 0.57 very
Usefulness
Bring knowledge and technology to apply in daily life. 4.48 0.55 very
Biogas for the use as fuel used for increasing productivity. 4.05 0.78 very
Average 4.25 0.67 very
Satisfaction
Satisfaction for Biogas for the use as fuel. 4.58 0.57 very
Satisfaction for transfer of knowledge and technology 4.38 0.60 very
Average 4.46 0.55 very
Total average 4.38 0.60 very
The Journal of Industrial Technology (2023) volume 19, issue 2 http://ojs.kmutnb.ac.th/index.php/joindtech

67



1sa1sivImamaluladana1unssu (The Journal of Industrial Technology)

-

UNAMNITY

It was found that the overall satisfaction was 4.38,
and the standard deviation was 0.60. The scores
were at a high level. When all three aspects are
considered, satisfaction has the highest score with
4.46 for Mean and 0.55 for standard deviation,
which is considered at a high level. Moreover,
when summarizing the overall assessment of
knowledge transfer for biogas for use as fuel, there
were no points that were below the standard
indicators (Key Results, or KRs) of the project. It
shows that biogas for use as fuel in the
manufacture of sour tamarind cubes meets the
needs of the target audiences effectively.

However, in terms of biogas used as fuel to
increase productivity, the mean was 4.05 and the
standard deviation was 0.78, which was the lowest
mean and the highest standard deviation in each
assessment. It is possible that there was a
different assessment weight score for this topic
than for all other topics. According to the
satisfaction findings, the sample population at
Level 3 comprised 5 people with 5-8 years of work
experience. It's conceivable that these samples are

already dependent on commonplace devices [10].

4. Conclusion

This research aims to design and construct a
gas purifying system and a gas compressing unit for
the biogas used for eco-friendly fuel in sour
tamarind cube manufacturing in OTOP Duang

Thong district, Phetchabun Province. The result of
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the test shows that the mechanism used in this
project could purify raw biogas and turn it into pure
biogas (97% of Methane gas), which could be fed
into the 15-kilogram gas tank by compressing the
pure biogas, which weighs 0.2 kilograms, into the
15-kilogram gas tank in 12 minutes and 23

seconds. Electrical power consumption for
compressing pure gas into the 15-kilogram gas tank
has an average power consumption of only 0.03
kilowatts per hour each time, considered very little
for this process. The average weight of biogas that
could be contained in the gas tank each time is
about 0.2 kilograms, which could be used as fuel for

boiling 125 kilograms of tamarind in about 1 hour.
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Abstract: In this research, a controller was designed for a light compensation system under a solar
panel. The shadowed areas under the panels are compensated by the light compensation system
created for the research. The shadowed areas under the panels and the efficiency of the light
compensation system were studied as well. It was found that the shadowed area increased from
morning until noon (9.00 A.M. — 1.00 P.M.) and then decreased until evening (1.00 P.M. — 4.00 P.M.).
The largest shadowed area, amounting to approximately 66.30%, was achieved at noon. However,
97.88% of the shadow could be compensated by adjusting the tilt angle and the sweep distance of the
mirror; every single shadowed area was compensated for approximately 21.83 minutes per hour. The
primary energy consumed by the system was approximately 0.42 watts. These results could be useful

for dual land use to achieve good efficiency, especially for a short-day plant.

Keywords: solar farm; light compensation; dual land use
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Abstract: This research proposes a study on operating modes, control technique, design, and
simulation of the bridgeless totem-pole power factor correction (PFC). This PFC has high efficiency and
the advantage of the totem-pole circuit where two high-frequency switches for boosting and two diodes
for conducting current at line frequency. This results in the loss of the diode's reverse recovery current
has been reduced. As this advantage, this research will focus on the study of operating modes and
control techniques of bridgeless totem-pole PFC, where this PFC has been modeled and simulated. This
model will be adopted for prototype designs and used as one component in various modern power
electronics systems simulations. To confirm the validity of the study, three types of PFCs including
boost, bridgeless, and bridgeless totem-pole have been simulated for discussion of current and voltage
waveform and comparing the efficiency and total harmonic distortion. The simulation results show the
model and control technique presented in this research can be worked very well and the bridgeless

totem-pole PFC has the highest efficiency.
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Abstract: This research aimed to add value to the waste cassava starch from the starch factory by
synthesizing it as a carboxymethyl starch (CMS) and then using it as a raw material to prepare
bio-adhesive and using tannic acid (TA) as a crosslinking agent. The cross-linking of the bio-adhesive
was confirmed by the presence of ester bond peaks. The optimum amount of adhesive for use was
500 g/m% The stable shear strength over 7 days was 2.35 MPa when used indoors at room
temperature. However, the shear strength was decreased when used in high humidity conditions and
outdoors due to both conditions increased free volume in the bio-adhesive structure, the polymer chains
are easy to move. Bio-adhesives synthesized from waste cassava starch showed excellent properties to
be applied in the wood industry for the added value to the waste cassava starch and also reduce the

use of adhesives from petrochemicals.

Keywords: Bio-adhesive; Starch waste; Sodium carboxymethyl starch; Polyvinyl alcohol; Tannic acid
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Abstract: This research aimed to study the influence of metakaolin on the properties of fly ash
geopolymer mortar mixed with steel fibers. The metakaolin was used to replace high calcium fly ash at
the percentages of 0, 10, 20, and 30 by weight. The effect of fiber content on the properties of the
mortar was also studied. The slump flow, unit weight, compressive strength, and flexural strength were
investigated. The results showed that the use of metakaolin at the percentages 10 and 30 have the
highest value of compressive strength and flexural strength 4.21 and 5.06 MPa, respectively. Steel fibers
can be used to increase compressive strength and flexural strength. However, the slump flow was
decreased when the metakaolin and the fiber were added at the percentages 7.47 to 25.67 and 6.34 to
30.27, respectively. In addition, the unit weight of geopolymer mortar decreased at the percentage of
4.29 when metakaolin was increased. In contrast, the unit weight of geopolymer mortar was increased at

the percentage of 6.06 by the addition of steel fiber.

Keywords: High calcium fly ash; Metakaolin; Geopolymer mortar; Steel fiber
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Abstract: The research aims to develop braille-making devices for braille printing on drug labels, using
fused deposition modeling (FDM) printers. This device enables pharmacists to create braille immediately
in the process of dispensing medicines to the visually impaired. In this research the eight words were
determined, consisting of morning, daytime, evening, before, after, bedtime, 1 and 2, a group of words
applied to describe how to take the drug. After that, the braille creation device was designed using 3D
CAD SolidWorks and manufactured using a 3D printer, then used the braille creation device to print on
the drug label and assess the height of the braille letter. Evaluates the ability to recognize and interpret
braille letters printed with a nudge device. This includes estimating the cost of the equipment that
has been created. The results showed that the braille letter height on the drug paper label is
200.12 microns, and the braille height on the drug label on the plastic envelope is 296.67 microns which
is satisfactory according to the ECMA Euro Braille standard from the European Carton Makers
Association. The ability to read and translate braille on sticker paper is around 12.8 seconds and 14.80
seconds on a drug plastic bag. The cost of developing a braille device on a 3D printer drug label was
approximately 160 baht per braille. These results implied that braille-based equipment on drug labels

using a 3D printer can be used to create braille on pharmaceutical labels

Keywords: braille; drug labels; 3D printing
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Abstract: This study proposes a fuzzy multi-criteria decision-making framework (Fuzzy MCDM) based
on failure mode effect analysis (FMEA) for prioritizing mitigation strategies for reverse logistics risks in
the recycled plastic industry. The proposed framework steps can be divided into six phases as follows;
(i) FMEA of reverse logistics risks and risk mitigation strategies are identified through extensive literature
review and validated by a group of experts, (ii) defined the measurable scales for criteria including
severity (S), occurrence (O), detectability (D), cost (C), degree of difficult to solve problems (F), and time
(T), (iii) calculate the subjective weights of criteria by deploying Fuzzy AHP, (iv) compute the objective
weights of criteria by utilizing Entropy method, (v) obtain the combined weighs of criteria, (vi) prioritize
the failure modes by applying Fuzzy CODAS. The results showed that the priority Inventory risk (FM7) is
the most important. Plastic resin manufacturers in Thailand are used as a case study. The results of this
study may benefit scholars and practitioners involved in the plastic industry to mitigate reverse logistics

risks.

Keywords: Reverse logistics; Reverse logistics in the plastic industry; Risk mitigation
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Abstract: This research studies the combustion characteristics of a compression ignition engine when
using ternary blends (ethanol-biodiesel-diesel). Because ethanol is renewable energy and can lower
exhaust emissions, it is interesting to use in a diesel engine. With less effort to prepare the fuel and
apply it in the engine, the blending technique is used in this research. However, phase separation
readily occurs as the percentage of ethanol increases and at the low ambient temperature. Fortunately,
biodiesel has been used commercially as a blend and can act as a surfactant to keep the phase stable.
To comply with the market, the blend ratio used is B3E5, B7E5, and B10E10, where B stands for
biodiesel, E is ethanol, and the numeric presents the percent of each fuel by volume. In addition, diesel
adding 3 percent biodiesel as a lubricity enhancer is used as the reference. Combustion features such
as heat release rate, ignition delay, and mass fraction burned derived from in-cylinder pressure are
experimented with through a single-cylinder common-rail diesel engine. The injection pressure varies
from 500, 700, and 1000 bar, while injection timing adjusts from 335, 340, 345, 350, and 355°CA. With
ethanol concentration, the ignition commences earlier than diesel B3 due to the puffing phenomena.
However, adding more biodiesel content results in later ignition because of the difficulty of the fuel-air

mixing process. The high content of ethanol and biodiesel yields the lengthiest ignition delay.

Keywords: Ethanol; Biodiesel; Ternary blends; Diesohol
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1. Introduction

Due to energy depletion and security problems,
renewable fuels have been extendedly investigated.
Ethanol has successfully been applied in a spark
ignition (SI) engine up to 85% blended with gasoline,
even used in the neat form in Brazil [1]. On the other
hand, biodiesel has been used in compression
ignition (Cl) engines as the commercial fuel in some
countries but a limitation to 10-20% blended with
diesel [2, 3]. Moreover, the air pollution problems
specifically emit from a Cl engine with high smoke
and NOy concentration. Alternative fuel is increasingly
demanding, especially ethanol which can significantly
reduce smoke emissions [4, 5].

However, applying ethanol in a Cl engine requires
tremendous effort than in Sl because its properties
significantly differ from diesel, such as cetane
number. The promising approach to use in CI
engines is the blending method. Nevertheless,
ethanol could not be miscible into diesel without the
solubility enhancer. Therefore, many additives have
been studied such as Sorbitan Monooleate,
polyoxymethylene dimethyl ethers, and n-butanol
[6-8]. Biodiesel is a renewable fuel and already mixes
with diesel in some countries. Moreover, the biodiesel
amount could improve the solubility of ethanol-diesel
blends and compensate for the blends' low density,
viscosity, and lubricity properties [9-11]. Therefore,

using biodiesel as a surfactant is interesting.
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Due to the Ilow heating value, previous

researches found that fuel consumption increases
when using ethanol-biodiesel-diesel blends [12, 13].
However, the tri-blends present an advantage over
diesel in terms of thermal efficiency [14, 15].
Depending on the test condition, CO and HC emitted
from temary blends demonstrate inconclusive
correlation compared to that of neat diesel fuel
[16, 17]. The blends are likely to increase the NOy

concentration [18]. However, many researchers have

proved that the smoke/particulate matter (PM)
significantly decreases with the blends of
ethanol/biodiesel [19-21]. For  combustion

characteristics, ethanol tends to retard the ignition,

thus lengthening the igniton delay [22, 23].
Consequently, the heat release rate is high.

Although there is considerable research on
ternary blends, the effect of injection pressure and
timing on the Ethanol-Biodiesel-Diesel blend used in
the common rail diesel engine at medium operating
condition is limited. Moreover, the ratio of ethanol and
biodiesel in this research is highly promising because
the amount of biodiesel blended is commercially used
in many countries. This paper has also compared the
and Dbiodiesel In the

effect of ethanol solely.

meantime, the combined influence has been
evaluated. The effect of injection timing is presented
first, followed by the injection pressure. The influence
of fuel properties has been demonstrated in the last

section.
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2. Apparatus
2.1 Engine

An agricultural base single cylinder four stroke
diesel engine with a naturally aspirated intake
system and water cooling was used throughout this
study. The fuel is injected directly into the
combustion chamber via a high-pressure common
rail system. An in-house electronic injection system
controls the injection timing and duration. The

engine specification is detailed in Table 1.

2.2 Test Fuel

The ternary blends were prepared in two steps,
shown in Fig. 1. Firstly, biodiesel was mixed with
diesel called BX, where X is the percentage of
biodiesel. This study chose B3, B7 and B10 to
imitate commercial use. Then, ethanol was blended
into BX, named BXEY, where Y is the percentage
of ethanol in BX. Only 5% and 10% ethanol were

selected to blend to prevent phase separation.
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Therefore, the final blends include B3E5, B7E5, and
B10E10. Also, B3 was tested as the reference. The
fuel properties and the amount of biodiesel and

ethanol are presented in Table 2.

Table 1 Engine specification

Specification

Engine type A horizontally single-
cylinder four- stroke engine

Displacement 709 cm®

volume

Bore x Stroke
Compression ratio
No. intake valve
No. exhaust valve
Injection system
Cooling system
Max power

Max torque

97 x 96 mm.

18:1

1

1

Electronic common rail
Liquid-cooled

10.3 kW at 2400 rpm
49 Nm at 1600 rpm

Commercial Diesel
BO

Palm Biodiesel
B100

97%, 93%, 90% \ L

/ 3%, 7%, 10%

Step 1

Biodiesel Blends Anhydrous Ethano
B3, B7,B10

E100

)

95%, 95%, 90% K

+ j 5%, 5%, 10%

~

Step 2

Ternary Blends
B3ES5, B7ES5, B10E10

Fig. 1 Procedure of fuel preparation
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Table 2 Fuel Properties
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Properties B3ES B7E5 B10E10 Diesel (B3) Ethanol Biodiesel
Ethanol (%) 5 5 10 0 100 0
Biodiesel (%) 2.85 6.65 9 3 0 100
Diesel (%) 92.15 88.35 81 100 0 0
Density (g/cm®) 0.814 0.816 0.815 0.832 0.786 0.868
Viscosity (cSt) 3.0 3.0 28 3.9 1.2 45
Heating value (MJ/kg) 43.9 429 417 45.05 27.6 40.1
Cetane number 56.5 56.7 53.6 - - 67.9
Heat of vaporization (kJ/kg) 254 [25] 904 [25] 254 [25]
Enthalpy of vaporization (kJ/g) 0.250 [26] 0.846 [27] 0.245 [26]
Specific heat capacity (J g ' K ') @298 K 1.87-1.92 [27] 244[28] 2.12[29]

2.3 Combustion analysis

The engine speed was controlled at 1600 rpm
and load at brake mean effective pressure (BMEP)
of 5 bar by a prony brake dynamometer, measured
the loading force by S-type tension/ compression
load cell with the capability of 1961 N from

Minebea, model U3B1-200K-B. The schematic
diagram of the experimental system is presented in
Fig. 2. The combustion behaviors were analyzed
through in-cylinder pressure data acquired by a
6052C

hundred

Kistler model

One

piezoelectric  pressure

transducer. consecutive  cycles
triggered every 0.1-degree crank angle by an
Autonics model E40HB6-3600-3-T-24 encoder were
amplified by a Kistler model 5108 charge amplifier
before being recorded by an in-house LabVIEW

base program. The average in-cylinder pressure

value was used to calculate the heat release rate in
Eqg. (1), specified by Heywood [30].

dQ__y dv 1 ,dp

=t p—t— 1
de 7—1pdt9 y—1 dé )

Where V is cylinder volume, p is averaged in-

cylinder pressure, and 7Y is the ratio of specific heat,
equal to 1.3 for this study.

The engine was warmup until the lubricant and
coolant water reached 80°C before the test started.
The injection timings were varied from 335°CA to
355°CA with the 5°CA increment at the fixed
injection pressure of 700 bar. On the other hand,
the injection pressure was tested at 500, 700 and
1000 bar when the injection timing was controlled at
345°CA. All test fuels were tested and compared

with the same conditions.
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Fig. 2 Schematic diagram of experimental setup
delayed injection. However, the ignition timing

3. Result and Discussion
3.1 Effect of Injection Timing

Fig. 3 presents the effect of injection timing on
the heat release rate of (a) B3, (b) B3ES5, (c) B7ES5,
and (d) B10E10, respectively. The start of
combustion is defined as the crank angle where the
percentage of fuel bumt is 5%. The ignition delay is
the interval between the injection timing and the
start of combustion. Fundamentally, when the fuel
injecton commences early, the liquid fuel can
atomize, vaporize, and mix with air, preparing for
ignition early. Therefore, all test fuels exhibited the
same trend where the earlier the injection, the auto-
ignition started earlier.

The ignition timing retardation is not at the same
interval as injection timing retardation at the very
early injection. For example, at the injection timing
of 335°CA, the ignition occurred at 349°CA for B3;
when the injection was delayed to 340°CA, the

ignition retarded about 2.8°CA less than 5°CA of the

intervals extended and were equivalent to the
injection retardation intervals when the injection
timing closed to the top dead center for all test
fuels, shown in Fig.4.

Not only the ignition happened early with the
early injection, but 10% and 50% of mass burnt also
(Fig.4). Nevertheless, there is no certain trend of
90% mass burnt (the combustion finished). At
injection timing of 340 and 345°CA, the combustion
seems to terminate earlier than 335°CA, the earliest
injection timing. The low air temperature and
pressure at the early injection are the causes.
Moreover, the injected fuel hardly vaporizes and
oxidizes. the is the

Therefore, ignition delay

lengthiest at the earliest injection timing and
decreases with the retardation, as presented in
Fig.5. With the lengthening ignition delay, more fuel
accumulates before the oxidation occurs, thus

releasing greater heat in Fig. 6.
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Fig. 5 The effect of varying injection timing on

ignition delay

Interestingly, the effect of injection timing on
the burning rate during premixed (5-50% mass
burnt in Fig.7) is not the same among all test
fuels. With the lower amount of oxygenated fuels
(B3 and B3E5), the burning rate during premixed
combustion decreases when the injection timing
retards and vice versa for the higher blended
ratio of alternative fuel (B7E5 and B10E10).
When injection timing lately happens, the ignition
delay decreases, thus reducing the accumulated
premixed mixture to combust during the rapid
combustion phase [31]. Therefore, the rate of
combustion reduces. Although the ignition delay
also lessens for the B7E5 and B10E10, high
oxygen molecules enhance the air-fuel mixture
process. In addition, high air temperature during
the late injection accelerates the burning rate. Not
shown here, there is no correlation between the
diffusion combustion (50-90% mass burnt) with

the injection timing.

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2023.08.003

W
(3.
o

B335 (340 177345 [5350 g 355

w
[=3
o

N
(2
o

7

N
[=3
o

..,

- -
[=3 (2]
o o

Maximum heat release rate [J/deg]
(3.}
o

o

B3
Fig. 6 The effect of varying injection timing on the

B3ES5 B7ES B10E10

maximum heat release rate.

< " B 335 340 [Z]345 [H 350 g 355
% 12 o

(<] .

s 10 -

E N
S s N7 N
£ s | § i 5?§é§
2 : : N
o ‘N Y
G 4 : § : \% :
£ ‘N N
y Nz Nz
s 2 : § & §/ ]
a3 N o '§ﬁ::§
by 0 X § s \% _

B3

B7ES5

B10E10
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3.2 Effect of Injection Pressure

The effect of varying injection pressure at
500, 700, and 1000 bar on the heat release rate
when using (a) B3, (b) B3E5, (c) B7E5, and
(B10E10) is exhibited in Fig. 8, respectively. It
shows that the ignition starts early with a high
heat release rate when the injection pressure
increases.

It indicates that the high injection

pressure results in the shortening ignition delay in
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Fig. 9 but release high heat even though less

time is available for fuel accumulated. The
injected fuel readily atomizes into the fine droplet
with increased injection pressure [32]. Tiny fuel
drops could vaporize and mix with air quickly.
Consequently, the auto-ignition is achieved early.
Moreover, the mass fuel injection rate increases
with the high injection pressure [33]. Therefore,
more fuel oxidizes and releases heat during the

premixed combustion mode.
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Better fuel atomization at the high injection
pressure accelerates the ignition and the burning
rate during the premixed combustion phase,
illustrated in Fig. 10 for all test fuels. Also, for the
combustion duration in Fig. 11 (5-90% mass
burnt), all test fuels consume lesser time with the

increased injection pressure.

250
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Fig. 8 Heat release rate of (a) B3, (b) B3E5, (c) B7E5, and (d) B10E10 when varying injection pressure
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3.3 Effect of fuel properties

Fig. 12 compares the heat release rate of B3,
B3ES, B7E5, and B10E10 at the injection
pressure of 700 MPa and the injection timing of
340°CA. Although the results of other test
conditions are not shown here, the trend is the
same. To characterize the sole effect of ethanol,
B3 and B3ES are considered. The result indicates
that increasing 5% ethanol into the blend
accelerates self-ignition over B3. The shortening
ignition delay is clearly presented in Fig. 13. The
results contradict many previous studies where
ethanol retard the auto-ignition [22, 23]. The
puffing phenomenon is the cause [34]. Although
the appearance of the blend is a transparent
homogeneous solution, ethanol as sub-droplets is
diffused and surrounded by the droplet of diesel
and biodiesel. With low boiling temperatures,
ethanol first vaporizes and forms a bubble inside
the droplets after the atomized fuels are heated.
Those bubbles expand outward and drive the
surrounding high boiling point droplet, rupturing
and pushing the vapor jet. This incident is called
the puffing phenomenon and leads to secondary
atomization, which could accelerate auto-ignition.

The specific effect of biodiesel in the blend is
clarified by comparing B3E5 and B7E5. Adding
only 3.8% biodiesel could delay the ignition.
The puffing incident is abated with biodiesel

content [35]. Secondary atomization barely induces.
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Moreover, the atomization of viscous and high-
density fuel is difficult. Therefore, the fuel hardly
vaporizes. The fuel-air mixing process is
hindered. Consequently, the ignition delay is
lengthened.

The effect of ethanol combined with biodiesel
is investigated through the B10E10 fuel. The high
percentage of ethanol and biodiesel prolongs the
ignition delay the most among all test fuels. The

cooling effect resulted from the high heat of
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vaporization and enthalpy of vaporization in Table
2 of high ethanol content dominates in this case.
In addition, the difficulty of fuel atomization and
vaporization of biodiesel also contribute.

The maximum heat release rate of all test
fuels at all injection timings is illustrated in Fig. 14.
The peak heat release does not correlate with the
ignition delay, where the higher heat happens
with the lengthener ignition delay. B3, with the
highest heating value, releases the utmost heat,
although the ignition delay is short. The maximum
heat release rate of all ethanol blends is lower
than diesel. The low heating value of ethanol is
one vital cause. However, the long ignition delay
of B10E10 coupled with the high air-fuel mixing
process increases the rate of heat release over
B7ES and even B3E5 sometimes.

The combustion phasing from 5-50% mass
burnt (premixed combustion) of all test fuels is
presented in Fig. 15. At early injection timing
(335-340°CA), B3 combusts the fastest, followed
by B3E5, B10E10, and B7E5 during premixed
combustion. The rate of oxidation seems to
depend on the heating value of fuels. When the
heating value is lower, more blend is required to
deliver the same BMEP. Therefore, more time is
needed to combust, hence slow burning in terms
of time scale base. Even though more B10E10
necessitates, the premixed combustion rate looks

faster than B7E5. Because of the lengthy ignition
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delay of B10E10, much more accumulated fuel-air
mixture oxidizes once the ignition happens. Rapid
oxidation, as seen in a higher maximum heat
release rate, consumes the charge mixture and
results in faster burning than B7ES.

At the late injection, the effect of high oxygen
content dominates the burning rate, as previously

described. The fuel-air mixing process is enhanced
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for B1I0E10 and B7E5 fuel, leading to faster burn
than B3E5. Moreover, B10E10 sometimes indicates
more rapid combustion than B3 (at 355°CA injection

timing).

4. Conclusion

The study investigates the effect of injection
timing the
characteristics of ternary blends (B3, B3E5, B7ES5,

and pressure on combustion
and B10E10). Moreover, the influence of ethanol
and biodiesel concentration is presented separately.
The combined effect of ethanol and biodiesel is also
exhibited. The conclusions are:

® The effects of injection timing on the combustion
characteristics for all blends are the same. With the
earlier injection timing, the ignition happens earlier
with the extended ignition delay. Only the burning
late during the premixed combustion phase differs,
where the low-oxygenated blends combust slowly
while high-content oxygen fuel oxidizes at the late
injection.

® Better fuel atomization resulting from the high
injection pressure leads to early ignition timing,
shortened ignition delay, and fast burning for all
blends.

® Ethanol content in the blends with less biodiesel
concentration could induce the puffing phenomena,
leading to the second atomization and shortening
ignition delay.

® Biodiesel content in the ternary blends could
incident. Moreover, the

suppress the puffing
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difficulty of its atomization and vaporization retards
the ignition.

® The high heat of vaporization of ethanol
combined with the difficulty of
atomization/vaporization of biodiesel significantly
delay the ignition. However, with the high oxygen
content, the burning rate at the premixed
combustion phase is enhanced when the injection

commences late.
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Abstract: This experimental research aimed to evaluate the effectiveness of chemical coagulation using
aluminum sulfate (alum) in reducing phosphorus levels in wastewater from final pond of the aeration
lagoon at Ubon Ratchathani University's treatment system. The initial phosphorus concentration was 0.8
+ 0.0 mg/L. The jar test method was utilized, with a 1 liter reactor containing 20, 40, 60, 80, and 100
mg/L of alum in each set of experiments. The chemicals were mixed using a 6-bladed jar test apparatus
at speeds of 100 rpm for 1 minute and 30 rpm for 15 minutes. The phosphorus concentration was
measured using the ascorbic acid method. Statistical analysis of the data included frequency,
percentage, mean, and standard deviation. The results showed that an alum concentration of 80 mg/L
resulted in an average phosphorus concentration of 0.002 + 0.0 mg/L after treatment, with an average
phosphorus treatment efficiency of 99.74 + 0.0%. Using an 80-100 mg/L solution of aluminum sulfate for
wastewater treatment can reduce the phosphorus concentration to below critical levels, improving water

quality by decreasing phosphorus nutrient contamination to normal levels.

Keywords: Wastewater treatment; Coagulation; Phosphorus; Eutrophication
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< o 2 A o a &
N lan ldannsanaznaw lUIeTzvan

' a ed v o A
ATNNULADINABDINIIAIININ Eﬂ‘ﬂ 2

A15199 1 ﬁmsw@aauqmmwﬁwﬁqﬁﬁme'mwmﬁmai‘

WNALna3 MBmneday ANNINITIN

1. anuiduniauazand (pH) Electrometric Method** 55-9.0

2. enfilad (BOD) Azide Modification * 1siiAins 20 mg/L
3. mmawﬁaazmyﬁw (TDS) Dried at 103-105 °C* 1aiifin 500 mg/L
4. 209uT 34 IUa8Y (SS) Dried at 103-105 °C* 3isAin 30 mg/L
5. sinaiuuazlusi (FOG) Soxhlet Extraction * 1aiifin 5 mg/L
6. lulasiaw (TKN) Kieldahl Method -

7. Waswaiw (TP) Ascorbic Acid Method* 1siifins 2 mg/L

* @ ﬂizqnﬁmﬂ@;ﬁ 8 The Standard Methods for the Examination of Water and Wastewater [17]

o & 3 ra ada < a3
fa ﬂi:ﬂqn@lmﬂguau’mig’lu’m'sLﬂi’l:ﬁm\aaumwwm [19]

v v

AANAIPU A AANATIUAILANTELNSUITININITEULINLRDTINTATH [20]

E'].I“?l 2 MINARBIIHLAIDINAREUNIANAZNAUUUL 6 1umu

23 mAanzidoya

231 d1innavassigaImiamwesnaiade
mufaglniil wtulwin@nfu snnuefigis 0.007-
0.03 mg/L [11] uazmaifiaylnd g wluunaasin
wWisuldandraaalslasia > 20 uglL [13]

232 anuTNTwUaINagWaTRA O UULAZRAINTT
ﬂﬂﬁ'@lkmLﬁmﬁashaﬁﬂmnq@muqma:ﬁ@mmao
Y3u103 50 mL wierinlunaseuda855 Ascorbic
Acid Method (Part 4500-part BE) A74 413311
ITneamauvod f i @ Standard Methods for the
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Examination of Water and Wastewater 23 edition
[17] anunturaInaanatTzausadIwIlaad
NN 2

P=— )

Wa PAa daradulutnuadnaanasw
(mglL) w @a USuunaanasaluindreting (ug)

uaz V fle USunasaagenasay (mL)

233 dsEntannstidaneawasadiwimann
AU AuwlladradnnuuTwnagnNa TR b

fotanaRaL SIFNNTA 3
Pi — Pe
Eff = (—p—) x100 ©

Wa Eff Ao dszAntnmwnatuaneswesa
($opag) Pi fia anututwsssnaanatarnautina
(mg/L) uaz Pe Ao ANULTNTBVaIWoaWaTRNAS

1171116 (mg/L)
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234 Trophic State Index L7l U 91n Total
Phosphorus #38 TSI (TP) fie daudsfitedasane
gInsfiatuatvuulfaludia anfadu (18]
FIEUMIN 4

TSI(TP) = 14.42 In(TP) + 4.15 @)

e TP fa dnaduvaiwaanasaninyaly

@288719%7 (ug/L)

3. Wanm3I98
34 snwaenaliluasinng
wamimsaaﬁLﬂi’]:ﬁqmmwﬁwmﬂﬂaﬂwﬂ'@ﬁ’]
ﬁg@ﬁmmaaizuuﬂﬁﬂ'm{uﬁmwﬂﬁﬂ U188
QUANTTH LfiE]LﬁﬂUﬁU&I’]@]Sg’]uﬂ’)UQNRU’ml{’]
ﬁdmm:uuﬁwLﬁmm"gmumuﬂ‘szmﬂm:mw
NINEINTFITUTIAURZHILIARON W.61. 2535 [20]
W1 31 pH, BOD, TDS, SS, FOG Waz TKN 1%

v v v @

NI uaadluamen 2

A1519N 2 é’m&m:ﬁ'ﬂﬂmaaﬁwﬁﬂuﬂaq@ﬁwmmiwuﬁwﬂ'@ﬁmﬁm

mNNeas b Nanadayl ANNNIZIN Qmmw*yfﬁ

pH - 7.85 £ 0.15* 55-9.0 N

BOD mg/L 3.04 + 0.75* 1aiifin 20 mg/L B

TDS mg/L 95.00 + 7.07* 14iiAn 500 mgiL (Al

Ss mg/L 52.50 +3.54* 1sifin 30 mg/L B

FOG mg/L 3.30 £ 0.00* laitfin 5 mgiL B

TKN mg/L 0.64 + 0.04 - -

TP mg/L 0.80 + 0.00* 1adifin 2 mgiL B
Chlorophyll a ug/L 366.67 + 14.36** 1aiifin 20 ug/L \iag InsRiass

* fa ﬂ"]mmgﬂumuam:muﬁwﬁamm:uuﬁ’]L?{Uﬁwgmu [20]

= fa mufiagImlinduluunaninfisldnndasalsiiadia (13]
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wwaldunisfiagInsfiatulusinfisainda
ﬂm‘"@mq@ﬁwmlaaszuuﬁm‘“@ﬁmﬁﬂwﬁﬂméi'ﬂ
quaiwmﬁLﬁaﬁﬁnimﬂmﬂﬂaaiiﬂa&ﬁa WU
Lmﬁiaﬁnmﬁ]ﬁmnﬁ@ﬂmngmirﬁgimﬂLﬂ"ﬁ'u
WasnnlvSunuaaalsiaste 366.67 + 14.36 ug/L
A P\ A 1 & A
FaunnindingavasnUwianaaalsfladia
20 ug/L (ANTHN 2) NNNUNIUHANITANEIV DS
o A o o o AV o A '
WIAANG %kuﬁr U8z 3370 Tomue: N laUszdnin
Lmaidﬁwﬁﬁﬂaai‘sﬂaﬁl,agdﬂd’] 10 ug/L Az¥i e
Uningmintglnifiaguld [9] uszraaadaIny
T30 NAUAG NI THENTIVBIRIRINULTAR LA 87
(M7197 3) lasIsumfudIunasingns 9 azfinms
A a a
WRIUWLYRINIINIEAIN 10 LazTIATNAY
FEULIAN Namnﬁamswawgwﬁdwasl,ﬁﬁzymg
Q a £§/ 1 3 1 0‘1;
NI A TUAATWBEIITIAST LanTs TUUTI Uz
v o o A & v o A a
T3z pza lum s UanuINgk wradssiniians
I & A A a 14
FEWTIVaILNAINauN Tz USU maaalsWag
47INNI1 40 ug/L mﬂﬂ%mmﬂaaisﬂaﬁquﬂiﬂ
100 ug/L ﬁIaﬂwagaﬁﬂaﬂmmdaﬁw:mﬂmﬂmi
YNALARUBONTLAN [21] HNNIVBINLALAIBE199N
daaurisiiiaaalslasio 366.67 + 14.36 ug/L
agluszaunmiafiagInsfiatunfianiundu
= A oo by aa
Hypertrophic 39a1afinalAansucaasindudiden
ﬁaﬁﬂsﬂﬂgluﬂaﬂm‘"@q@ﬁwmaaizuuﬂﬁﬂ'@ﬁ%ﬁﬂ
(3Un 1)

[ (2
o a a

Asduidaunaswasaluinfniaidn 0.802

S 1 [ a

+0.000 mglL (135197 3) Fagszaulyifn

UATPIHAILANNIUIBINAINTzUUNT AR

a A o ' a R
\HUIINDDITNTY At nuad1USuanaanasa L
laiifin 2.0 mgiL [20] udnaodszinalunivylal
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LLazaam@uﬁsﬁmu@@hmmgwuvl’?@‘hﬂ'jw
0.2 mglL dwiuawizawintldmnuadIunmin
@“iwa\‘m@;mmiwaawa%'mm:vl,uimmulul,mdaﬁw
137 0.1 mg/L uaz 1.0 mg/L awd1ey [22] Tariln
ﬁhﬁqanh‘ﬁawaa@iﬁﬂqmaamqm‘mwiammﬁﬂ
olns T RasananUSinamoanasaluunas
i (Aud13ngadfl 0.007-0.030 mgiL) undsiniid
Iama‘ﬁ'a:ﬁ'@LﬂuLLwddﬁﬁﬁﬂuLﬁauﬁﬁwqmm‘smﬂ
wwly Lﬁaamﬂﬁmmm‘fuimaaWaaWa%’aqan’h
0.6 mg/lL kazdid1 TSI(TP) ¥1nN31 70 @30
qmmwﬁwﬁmnwﬂuﬂamaam@;mm‘sﬂaaﬂa%’a
¢/ luszdy Hypereutrophic [10-11] 3481371 1#
Lmsiaﬁ'lftag‘l,um';:maamnﬁ@gimﬂmﬁuﬁhﬁﬁﬁ
FanuueRlurUnguazIamInguuiaian
LLmauaaﬁagluﬁwﬁa sruudTan I E s v 9
w‘mﬁ‘ﬂmé’zlQua’swmﬁﬁm:mumiﬂﬂﬁwé’ﬂﬁ
f1an Ao MIUUALUUYaIANaN@ (Aerated
Lagoon) 39an2 Lt panafiazisanoswasanidu
m@lmvmmaamvﬁmma&ﬁmﬁﬁluﬁwﬁamﬂﬂa
ﬁ'}ﬂ’@ﬁﬂq@ﬁ’mvlﬁ ﬂzaf:n'lmzamaaﬁmmmﬂu
Lmﬁiaﬁuﬂmw:na’m’mawﬁ']"l,ﬂg'm'ﬁqrgLﬁﬂ
pandlauuazmImevasielisialwinle [4]
mimuquqmmwﬁﬂﬁﬁamsmuquaﬁ
ﬂuﬂamm:m@gmmﬂuﬁﬂﬁagjs:ﬁuﬁw lagdna
é’@muﬁw@aﬁmivluimsLau@iaWaaWa%’a‘medaﬁw
W nsdndalulastaulasldnszuiuniinng
mMunwiail laun n1stduaaaIw (Chlorination)
ﬂﬂiLLaﬂL‘ﬂgﬂuﬂi:ﬁg (lon Exchange) kazn1311l0
81n1¢ (Air Stripping) 81wn13MN3aWaaWaIra 28

ns:mumsﬂwﬂ'ﬂmdmﬁﬁfuﬁﬂszﬁw%mwgaLL@iﬁ
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anltdogauswdsinu smuafinffoulslasnaly
ldur Yuv1a (Ca0) svdsznavinananalad
(FeCly) LLa:aQﬁLﬁﬂwﬁ'aLW@] (Aluminum Sulfate)

3.2 dszansmunstnuaaana e

nsnasasiiananasnasaluinfslasnis
mnm:naumamﬁ‘naoﬁwﬁwagﬁtﬂmwﬁ'mﬂm
@) laglfiasasmarouminnaznanuuy 6 lu
M% WU TAAILAY ahneflidmadumnsiad) 3
e NTwNasWaIFinNL 0.802 + 0.000 mg/L
yﬂwmaaﬁ'lﬁwmsazmﬂagﬁl,ﬁzlwﬁ'mml W@NaIlu
aalfianuidudu 20, 40, 60, 80 wax 100 mg/L &
AUt uTuNeaWaI®IZHINg 0.013 - 0.360
mglL MUEIAY (AN3197 1) AN NTUETRTANY

WAREAN
§0 fa 0.002

oadlilluutaia 80 mg/L fusavinl

o @ A

i
datuasWaswasamasindadenend
+0.00 mg/L (151971 3)
mynemastinTanaswasauasianatitiain
gavhevaInmInmas wui mmuquummm
Wudunaawadaliaaad (liddsedinsawlunis
1117a) Iummzﬁqﬂﬂmaaﬁ'ﬂwﬂ”@ﬁﬂ@mau
asazansagdiloudaannuudu 20, 40, 60,
80 Waz 100 mgll dd1Usz@nsninnisinya
WosWasada1afnIzning 55.12 - 99.74 % A1
dinduvasanvazauagiilondaiwa 80 mgl {
ﬂi:ﬁw%nwwluﬂ'liﬂ’lu”@waaWa%’agaﬁq@ (gﬂﬁ' 3)
saARdaInLNWAITITRINalE T MENINE 7l
msansmsinsalulasauuazWeanosaluin

NINHIBANTUIUAINNLANINAVBINNNIB1ATN
HunadnaInIaaawiilad lagmIanaznawnig

= a a o g '
muI@m@mmm:mUagumwmmﬂm WU
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Jus=aninwlunmsidaneanasalaninnii 90%
Afzaadidudn 250 dadnTudedas) wazdel
NWILVDINURTHN naaqaﬁvlﬁﬁﬂmmmmmm
gaaiiaesdntudlSuifiounua1TazaNY
agﬁLﬁﬂwﬁ'mwmamsﬂm‘"ﬂﬁuﬁﬂ‘qumuﬁw
nazIwMIETNaznaunL Il sseadifiaudaina
ANMNLTUTY 1.0 - 12.0 mglL FUszdnFanluns
fdanaanaIaldunnnin 80% [23-24] azfinlain
msagﬁl,ﬁﬂwﬁ'aLW@ﬁﬂszﬁﬂ%mmeiﬁwﬁ'@
Waanaiage L:fiaLﬁuagﬁLﬁﬂusﬁ'aLW@mvlﬂsluﬁmﬁa
AanszuiuwmIniwianaussiad laaaulszauan
yosgsaziiamuanaaie laaddndddrimdn
AL ‘ﬁ’]lﬁﬂ‘léﬂ’]ﬂLﬁﬂﬂﬂiiﬂﬁlﬁuﬂu@]:ﬂa% 21618l
mMsnmagnssuazsielasiniinszanpesng
EGR LLa:ami,mﬂﬁIammuﬁ'umﬂ%u [25] uae
mmmﬁ'ué’uﬁ'uﬂaaﬂa%’aﬁaQIugﬂmaam’sﬂsznau
N LEANS mmfm:ﬁﬂﬁl,ﬁ@mﬂaumaaagﬁLﬁﬂu
Wosadaduvasuds sonaliUSunmnaanasaln
Wnanas udaznanfinuanudasinliintanse
faadaly [11-12] 1§ 8RN TMINANN T LATIZH 6N
TSI(TP) Wi mﬂ"ﬁ’mia:mﬂagﬁl,ﬁﬂwﬁ‘mwm
AULTNTH 100 mg/L mmsnam:é’uqmmwﬁn
ﬁmmsﬂmﬁaumnm@;a’mnMaaWa%‘aluﬁﬂﬁagi
luszauln@ (Mesotrophic) LazaNULTNL® 80 mg/L
fo USwmfiiwanzan (Optimum Dose) fignu1snyin
IwUSumnaan a%’aayﬂm:ﬁm‘h (Origotrophic)
gaanRasnURa NI atnd s Ianaznaulay
1#a131adl (Coagulation) T 9azg18aa Ty WIn3

RENIIVBIUWRIABUNTRTEAI e a0 16 [21]
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:; |a Q. : Q o o v a A >
a193190 3 YIunauwaaWaterasiinaitnuea ﬂmia:mﬂagmuﬂwmwg}

Aluminum sulfate Phosphorus concentration Removal efficiency TSI Classification
(mglL) (mglL) (%) (TP)

0 0.802 £ 0.000* - 100.54  Hypereutrophic
20 0.360 * 0.015* 55.12 + 1.86 89.03 Hypereutrophic
40 0.144 + 0.007* 82.02 + 1.85 75.81 Hypereutrophic
60 0.034 + 0.000* 95.80 + 0. 93 55.00 Eutrophic
80 0.002 + 0.000* 99.74 £ 0.00 14.15 Origotrophic
100 0.013 + 0.000* 98.42 + 0.00 41.14 Mesotrophic

T

* g HNWNATUILANTZNSTNTIINNITULILFITINTUTUN 2 mg/L [20]

TSI(TP) #a Trophic State Index Liuuan Total phosphorus [18]
-
100 1.0 5,
: E
g{? — |:| Treatment efficiency
~— . Fs > - .
> 751 - - - 0.8 5 ——@— Before concentration
[&] =
c © | —m— After concentration
3 06 €
£ : 8
£ 50 g
= +0.4 ©
2 o
E 25 N 2
« \\ 02 S
= @
~
[}
0l — Pl 100 £

Alum concentration (mg/L)

311 3 YzEnFammsthdaneanatadn ﬂmia:maagmﬁﬁwﬁ‘mm]

NANITANBIATIHFEAANAINURANLIINITNIY
ﬁwaﬁuﬁwudwmﬂfmmLi&l“ﬂ”madagﬁl,ﬁw
o { & 4 g o
FaanunduidanisUuidanvasnoawasaln
s & ' « a A A
WS FIUL agdlsney YSuassnsnannsin
maﬁﬂﬁm’mL?ij"wuaaagﬁtﬁwiuﬁ'}ﬁmumi

'
o b a

XA ' A 1 A Ada VR~
UIUALNNVYI ‘ﬁdaqﬂﬁONﬂLﬁﬂ(ﬂaﬁﬂﬂJ?ﬁ'J@llu%q AINIb

=

JaduiFesdaynazdasauquiiinamuainlg

Iﬁw\ VZRUNUANBHSYDILAEIN T2 Nﬁﬂﬁ%’]im’]

N13UTUAIAINLT BNIA-GIIATN AN LT T W
a A A A A 0 @ o
PpIR13:0 % ot NUTzENTA W lunstnyals
&
g49% [26]
v o @ = &< X A
PN AVDINIFANEIUATIN Ao NM1INARDL
US04 Il ATLAUNINNALRZARD LINAR 18 Tsnas
#Ingnaunaznadinisyiiga ;‘T%ﬁ'ﬂﬁdm@mi
an1un1Inidwdaus19 o W1 TLAZ AN

TnwwinmyuadunasinandwasnasanInue
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4. unal

v X dae & X -

ihflanndunddoluaisfifilomafiagni -

o A Aa &
AT WL a9 NS N 1A ae ISR AAULATDIGAINATT
Waam%’aﬁguﬁuﬁﬁﬂqm Warinnsiiuanineg
donIanaznawnvieiidismuduasegdiiion
FaNalasiaIaInagaunsings wuin 35mstinda
e - o ¥
AausnaadSuinesWataluinNevedszuy
tdasiudeld lavUSumssazanagdifioy
Fanariut® 80 mgll vinlwsihianasnsttiaden
AN NTuUaINaaNaI®aAaIaNN 0.802 + 0.000
mg/L W&a 0.002 + 0.000 mg/L Htszantmwlums
fnaanWaawasr 99.74 + 0.00 % LLa:ﬁﬂﬁqmmwﬁ’]
agfluszay Origotrophic Iansamirvasiziies He
mugumuRnwunianmaaIydulaswinely
AR Il wrasinvinnsdane luasihian
USinaaavlaTaaglutsvasdingauszdlanian
'cn:'cﬁ'@l,ﬂw,mdaﬁ’]ﬁﬂmflauﬁm@;mmimmﬁuvlﬂ
ﬁamiﬁm'smmwmﬁaﬂwﬁ'@m@lmm’sWaaWa%’a
awﬁmsm%ﬁaﬂl‘*ﬁmmxmﬂagﬁLﬁmwﬁ'aLWmﬁ
ANULTNT® 80 — 100 mg/L i atin luinTasinEe
ﬁl =1 v dl o v v U s
Wasanduw iiunvinlwanuuturasnasnass
luunasilwdddindndrinnauazigmainin
dumIsmnvasiizay luszauund et

a A

5. naanyiNdsznd
AI98UVAUAENNIULTAIINBAINUAE
FIuadow WRINEALAUATTTE fdwsam
gzanlumsiiudaagngin LAZVRVDLIA W INNAE
WANEAIEATUATNITAITITREY NAIINBIRY
qumwmﬁﬁvlmﬁmmagmsw:ﬁamuﬁ'Lm:

dl = v a wn
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Abstract: This research aims to study the influence of added Dongmafai coffee grounds on the flow rate
of hot water through the ceramic filter. In the experiment, coffee grounds were added in amounts of 20, 30,
and 40% by weight (the samples were DKS-3, DKS-4, and DKS-5, respectively) and mixed with Dan
Kwian clay, Lampang kaolin clay, sand, and Dan Kwian wood ash. The ceramic filter was formed by the
jigger technique and sintered at 1,250°C. The results revealed the following physical characteristics:
apparent porosity in the range of 48.45-55.54%, water absorption in the range of 36.30-48.48%, density in
the range of 1.15-1.33 g/cm® and specific gravity in the range of 2.51-2.59. The DKS-4 sample has
physical properties that are suitable for filtering. Then, physical properties were examined by the XRD
technique. It was found that cristobalite silica and orthorhombic mullite phases were formed in the ceramic
filter (DKS-4). The porosity characteristics of the ceramic filters were analyzed by SEM. It was found that
many small pores were formed in the structure from the combustion and disappearance of the coffee
grounds. And affecting the flow rate of hot water through the filter because the addition of coffee grounds
will increase the flow rate of hot water through the filter, which has a maximum value of 2.30 ml/s. Which

uses filters to make drip coffee instead of paper filters, helping to reduce global warming.

Keywords: Ceramic Filter; Dan Kwian clay body; Dong Ma Fai coffee grounds; coffee drip; Porosity
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Abstract: The purpose of this research was to study a mathematical model of saltwater intrusion into the
Chanthaburi River using one-dimensional diffusion and convection equations as governing equations for
the problem. The MacCormack numerical method was used to solve mathematical model governing
equations to predict water salinity in the estuary and along the Chanthaburi River's course. By collecting
sample data at the observation stations and salinity data at the mouth of the Chanthaburi River, the
approximated values were calculated using the method of cubic spline interpolation to provide boundary
and initial values for the mathematical model. The comparison graphs and data tables of the salinity
obtained from each observation station were presented. In addition, data collection with different data
frequencies was analyzed. It was found that the cost of data collection for predicting water salinity can be

reduced by an acceptable percentage compared to the actual data collected.
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