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Pyrolysis of Industrial Sewage Sludge

using Microwave Irradiation

Prodpran Siritheerasas*, Amonkarn Vatavanichakul, and Witchuta Soysang
Department of Chemical Engineering, Faculty of Engineering, Thammasat University
Pathumthani 12120, Thailand

Abstract

One of the major problems of many industries is the disposal of a large amount of sewage
sludge. Thus, a technique that is able to dispose of huge amounts of industrial sewage sludge
at a reasonable cost and time is required. Incineration of sewage sludge is one of the suitable
techniques, as it can handle large amounts of sewage sludge in timely fashion and at a
reasonable cost. However, sewage sludge usually contains a high amount of moisture and has
a low heating value. Accordingly, an improvement in the quality of sewage sludge (i.e. to
lower its moisture content and to enhance its heating value) is needed. This research aimed to
study the pyrolysis of sewage sludge from a textile factory using microwave heating. The
effects of microwave power, pyrolysis period, and initial moisture content in the sewage
sludge on the quality of the resulting pyrolysed product (or solid char) from the pyrolysis,
which included its proximate analysis, heating value, and ultimate analysis, were
investigated. It was found, from the experiments, that the increases in microwave power,
pyrolysis time, and initial moisture content in the sludge led to a decrease in solid yield,
which were found to be within the range of 52-87%. When microwave power, pyrolysis
period, and initial moisture content in the sewage sludge were increased, it resulted in a
decrease in moisture content in the resulting solid char from 10.92% to 0.1-4.1%, in which
most of the resulting solid char had moisture contents lower than 2%; a decrease in volatile
matter from 38.35% to 15-34%, where most of the resulting solid char has the amount of
volatile matter lower than 30%; but an increase in the portion of fixed carbon from 10.01% to
21-48%; as well as an increase in heating value of the resulting solid char from 11.6 MJ/kg to
12-15 MJ/kg. The ash content of the resulting solid char was insignificantly affected by
microwave power, pyrolysis time, and initial moisture content in the sludge. Increasing
microwave power, pyrolysis period, and initial moisture content in the sludge caused the
amount of carbon to increase from 50.14% to 60-82%, but caused the amounts of hydrogen
and oxygen to decrease from 5.65% and 42.19% to 2.7-5.1% and 15-34%, respectively. In
overall, the results from this research indicated that microwave pyrolysis was able
toupgradethe low-quality, highly most sewage sludge to the solid fuel whose combustion
characteristics were suitable for further incineration or combustion.

Keywords: Industrial sewage sludge; Pyrolysis; Microwave irradiation

' e-mail: sprod@tu.ac.th
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1. Introduction

Textile or synthetic fibre industry has made a great deal of contribution to Thai economy for several years
(Thailand textile institute, 2554). During the past 10 years, the export value of this industry has increased
continuously (Thailand textile institute, 2554), and the recent data (Thailand textile institute, 2556) shows
that the export value of the textile and synthetic fibre industry during January-July 2556 BE (2013 AD) is
~2,700 million US dollars, ~10.5% increase from the same period of last year. The income generated from
the export of the textile and synthetic fibre products is contributed to approximately 3-4% of Thailand’s
gross domestic product (GDP), and there are more than 4,500 textile and synthetic fibre factories in
Thailand (Chantara, 2554).

Because of the high number of textile and synthetic fibre plants, the amount of waste generated from the
waste water treatment facilities, or sewage sludge, of these factories is exceptionally large. More
importantly, the disposal of sewage sludge has raised concerns to environmentalists worldwide, mainly
due to its potential risks to both human health and the environment (Werther and Ogada, 1999). As a
result, it is necessary to find the disposal method that can dispose of a huge amount of this waste at
reasonable cost and time. Incineration is one of the promising disposal techniques, as it has a number of
advantages over other disposal methods, such as a substantial reduction in mass and volume of waste, a
complete destruction of pathogen and organic pollutants, and a potential of energy recovery (Deng et al,
2009). Problematically, however, since the sewage sludge contains a high amount of moisture (Uriuoloet
al, 2012; Zhang et al, 2011). Thus, it is not practical to incinerate sewage sludge in its crude form, as it
consumes a large amount of energy to dry off or to remove water from the sludge, which, in turn, can
lead to a considerable increase in the waste disposal cost. Hence, in order to be able to employ the
incineration technique to this waste efficiently, sewage sludge must be pre-treated to remove moisture or

water and to improve its heating value prior to the incineration.

Pyrolysis, a direct thermal decomposition of organic components in combustible materials in the absence
of air or oxygen to yield such useful products as gaseous, liquid, and solid fuels (Klass, 1998), has been
used extensively to upgrade low-quality combustible materials to high-quality, carbon-rich solid fuels
(Buahet al, 2007; Tang et al, 2013). Energy required for pyrolysis can be obtained from several sources. In
conventional pyrolysis, heat is provided to the pyrolysing materials externally inwards by conduction
through a hot medium, such as sand in fluidised-bed reactors; by convection via hot gas a tube furnace;
or by radiation from extremely hot surfaces of a muffle furnace (Lester and Kingman, 2004; Renet al,
2012). The main drawbacks of the conventional heating are that it has a low heating efficiency and that it
requires a large equipment, as the equipment must be insulated or refractory-lined to prevent the heat
loss (Dominguez et al, 2007). Accordingly, conventional pyrolysis is time consuming and costly. Microwave
heating, on the other hand, has a different heating mechanism. In microwave pyrolysis, the pyrolysing
materials are heated internally outwards by electromagnetic radiation that causes the molecules inside
the materials to oscillate, thereby generating heat (Menendez et al, 2010). This leads to a high heating

rate and efficiency, thus resulting in a fast and uniform heating (Appleton et al, 2005).
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Microwave heating has been utilised for improving the quality of solid fuels, such as coal (Lester and
Kingman, 2004), biomass (e.¢., sawdust) (Renet al, 2012, Dominguez et al, 2007), and waste (e.¢., tyres)
(Undriet al, 2013) for about one or two decades. However, only a few works concerning the utilisation of
microwave irradiation to enhance the quality of sewage sludge, especially in the aspect of pyrolysing wet
sewage sludge to make it suitable for further incineration, have been done. Thus, in this research, the
possibility of using microwave heating to improve the combustion characteristics of highly moist sewage
sludge from a synthetic fibre factoryvia pyrolysis was investigated. The properties of solid char, including
proximate analysis, ultimate or elemental analysis, and heating value, before and after microwave
pyrolysis, were compared, in order to examine the potential of using microwave pyrolysis as a means to
enhance the quality of moist, low-heating-value sewage sludge to be the solid fuel appropriate for further

combustion or incineration.

2. Research Methodology

Sewage sludge used in this study was from the synthetic fibre manufacturing plant of TTL industries
public company. The sewage sludge was naturally dried in the open space for 7 days and then ground to
a suitable size indicated in ASTM D3172. The ground sample was subsequently analysed for its proximate
analysis following ASTM D3172. The proximate analysis of the sewage-sludge sample is summarised in
Table 1. The heating value of the sewage sludge, which is also included in Table 1, was calculated using

the following equation (Yin, 2011):

HV = 0.1905VM + 0.2521FC (1)

whereHV was the heating value (on dry basis) with the unit of MJ/kg, and VM and FC were the
percentages of volatile matter and fixed carbon (both are on dry basis), respectively. The ultimate or
elemental analysis, including the percentages of carbon (C), hydrogen (H), and oxygen (O), were

computed using the following relationships (Jaruchattadaet al, 2006):

S

C=-18287 + 2.2117VM + 2.7835FC
H=-1.31+ 0.0871VM + 0.0249FC
O =815.32 - 7.6285VM — 8.1252FC

—~ o~
2 W
=

in which C, H, O, VM, and FC were on dry and ash-free (DAF) basis. The percentages of C, H, and O are

summarised in Table 2.

Table 1 The proximate analysis and heating value of fresh sewage sludge used in this study (dry basis)
Moisture (Wt%) Ash (wt%) VM (wt%) FC (wt%) Heatingvalue (MJ/kg)
10.92 40.72 38.35 10.01 11.6

Table 2 The ultimate or elemental analysis fresh sewage sludge used in this study (dry & ash-free: DAF
basis)

Carbon (wt%) Hydrogen (wt%) Oxygen (wt%)

50.14 5.65 42.19

(3]
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The dried and ground sewage-sludge sample, which was kept in a sealed plastic bag prior to the
experiment, was put into a ceramic crucible and weighted for approximately 50 ¢. A pre-determined
amount of water was poured onto the sample to adjust the moisture content in the sample to 15, 25, or
35 wt%. The crucible was covered by a lid, to prevent air from entering into the crucible during pyrolysis,
and then placed into a household microwave oven, with the power ranging from 350-800 W. Note that,
since this was just a preliminary study to investigate the potential of microwave heating for enhancing the
quality of moist sewage sludge, a household microwave oven, which was inexpensive and locally
available, is used as a source of microwave irradiation. The duration of the microwave pyrolysis was within
the range of 10-30 min. After a certain pyrolysis period (ie. 10-30 min), the crucible containing the
pyrolysed sample (i.e. the solid char) was removed from the microwave oven, allowed to cool down in a

desiccator, and weighed. The solid yield was calculated using the following equation:

Mass of the solid char from pyrolysis
Mass of the fresh sewage sludge before pyrolysis

% Solid yield = x100 (5)

The resulting solid char was also analysed for its proximate analysis. The heating value of the solid char
was computed using Eq. 1, and the percentages of C, H, and O of the solid char were calculated using
Egs. 2-4.

3. Results

The solid yields, or the mass of the remaining solid char (i.e. the pyrolysed product) compared to that of
the initial (or fresh) sewage sludge, were found to be within the range of 52-87 wt%, as shown in Figure 1.
It was found that an increase in microwave power, pyrolysis period, and initial moisture content in the
sample resulted in a decrease in solid yield.

When considering the amounts of remaining moisture in the samples after being pyrolysed, as shown in

Figure 2, it was found that all samples had the remaining moisture contents lower than 5 % (0.1-4.1 %),

with most of the samples (31 out of 36, or ~86%) had the remaining moisture contents below 2%.

The amounts of volatile matter (VM) in the sample were reduced from the initial value of 38.35% to ~15-
34%, as illustrated in Figure 3. Increasing microwave power and pyrolysis period caused the VM content to

decrease. An increase in moisture content also resulted in a decrease in the sample’s VM content.
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Figure 1: The solid yields of the samples, with the initial moisture contents ranging from 15-35 wt%, after

being pyrolysed by microwave irradiation with the microwave power of 350-800 W and the pyrolysis

period of 10-30 min.
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Figure 2: The amounts of moisture remained in the samples after being pyrolysed by microwave
irradiation with the microwave power of 350-800 W and the pyrolysis period of 10-30 min. The samples
had the initial moisture contents of 15-35 wt%.
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Figure 3: The volatile matter contents in the pyrolysed samples, with the initial moisture contents of 15-

35%, after being treated by microwave irradiation with the microwave power of 350-800 W and the

pyrolysis period of 10-30 min.
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Figure 4 shows the amounts of fixed carbon (FC) in the pyrolysed samples, which were increased from the

initial value of 10.01% to ~21-48%. The FC content in the sample were found to increase with microwave

power, pyrolysis period, and initial moisture content.
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Figure 4: The fixed carbon contents in the pyrolysed samples, with the initial moisture contents of 15-

35%, after being treated by microwave irradiation with the microwave power of 350-800 W and the

pyrolysis period of 10-30 min.

The amounts of ash remained in the samples were nearly constant within the range of ~34-43%, which is
around the proximity of its initial ash content of 40.72%, as illustrated in Figure 5.
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Figure 5: The ash contents in the pyrolysed samples, with the initial moisture contents of 15-35%, after

being treated by microwave irradiation with the microwave power of 350-800 W and the pyrolysis period

of 10-30 min. The sample had the initial amount of ash of 40.72%.

The heating value of the resulting solid char were found to increase from the initial value of 11.6 MJ/kg to

~12-15 MJ/kg, as shown in Figure 6. An increase in microwave power yielded an increasing trend of the

heating value.
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The amounts of carbon, hydrogen, and oxygen in the pyrolysed sample after being treated by microwave
irradiation are as exhibited in Figures 7-9. Carbon content increased with the microwave power, pyrolysis
period, and the sample’s initial moisture content. The amount of carbon in the sample were increased
from 50.14% to ~60-82%. The amount of hydrogen and oxygen, on the contrary, decreased with an
increase in microwave power, pyrolysis period, and the sample’s initial moisture content. Hydrogen
content decreased from 5.65% to ~2.7-5.1%, while the amount of oxygen were reduced from 42.19 to
~15-34%.
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Figure 6: The heating value of the solid char pyrolysed by microwave irradiation with the microwave
power of 350-800 W and the pyrolysis period of 10-30 min. The sample’s initial moisture content was in
the range of 15-35%, and its initial heating value was 11.6 MJ/kg as depicted by dash lines.
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Figure 7: The carbon content in the solid char pyrolysed by microwave irradiation with the microwave

power of 350-800 W and the pyrolysis period of 10-30 min. The sample’s initial moisture content was in
the range of 15-35%, and its initial amount of carbon was 50.14% as depicted by dash lines.
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Figure 8: The hydrogen content in the solid char pyrolysed by microwave irradiation with the microwave
power of 350-800 W and the pyrolysis period of 10-30 min. The sample’s initial moisture content was in
the range of 15-35%, and its initial amount of hydrogen was 5.65% as depicted by dash lines.
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Figure 9: The oxygen content in the solid char pyrolysed by microwave irradiation with the microwave
power of 350-800 W and the pyrolysis period of 10-30 min. The sample’s initial moisture content was in
the range of 15-35%, and its initial amount of oxygen was 42.19% as depicted by dash lines.

4. Discussion

By pyrolysing the sewage sludge samples in the microwave oven, the samples were heated internally
outwards by microwave irradiation. When microwave and pyrolysis period were increased, the energy
required to drive off moisture and volatile matter from the sample also increased. The resulting pyrolysed
sample were found to have ultimately low moisture contents, implying that energy or heat obtained from
the microwave irradiation was high enough to nearly completely drive off moisture from the samples. The
amounts of volatile matter (VM) remained in the samples were reduced from 38.35% to ~15-34%, with

most of the samples had the VM contents under 30%, which corresponded to ~11-60% decrease.

As the moisture contents were almost zero and the amounts of ash were nearly constant, a decrease in
VM content definitely caused the portion of fixed carbon (FC) in the sample to increase. The FC content
in the resulting solid char ranged from ~21-48%. When compared to its initial value of 10.019%, it

corresponded to an increase of ~2-5 folds.
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Since the resulting solid char has lower amount of moisture and because FC contributes to heating value
more than VM does (Jaruchattada et al, 2006; Yin, 2011), a decrease in moisture content and an increase

in the amount of FC resulted in an increase in heating value of the sample.

As VM was driven off from the sample, hydrogen and oxygen, which are the principal elements of VM
(Ragland and Bryden, 2011), were also removed from the sample, thus resulting the decreasing amounts
of hydrogen and oxygen. For carbon, although also removed from the sample along with VM, it is the
main element of FC (Ragland and Bryden, 2011). Accordingly, as the portion of FC in the sample
increased, the percentage of carbon also increased.

From this investigation, it was found that the microwave pyrolysis had a potential to improve the quality
of wet sewage sludge, as the resulting pyrolysed products were found to have lower amounts of
moisture, to have higher amounts of combustible materials, especially FC, and, more importantly, to have
higher heating values.

5. Conclusions

The major finding from this study was that the microwave pyrolysis could actually enhance the quality of
wet, low-heating-value sewage sludge, to be nearly dried, higher-heating-value products (i.e. solid char).
The amounts of moisture in the samples decreased dramatically to nearly zero; the increases in
microwave power, pyrolysis period, and the sample’s initial moisture content caused the moisture
content in the resulting solid char to decrease. The amounts of volatile matter in the pyrolysed samples
decreased, whereas the fixed carbon contents increased, as the microwave power, pyrolysis period, and
the sample’s initial moisture content increased. Compared to their initial values, the resulting products

were found to have higher amount of carbon, but lower amounts of hydrogen and oxygen.
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Effects of the Addition of Sulphur-fixation Agents on the Characteristics of
Sulphur-modified Asphalt (SMA)
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Department of Chemical Engineering, Faculty of Engineering, Thammasat University
Pathumthani 12120, Thailand

Abstract

The objective of this research was to investigate the effects of the addition of sulphur-fixation
agents on the characteristics of sulphur-modified asphalt (SMA), in the aspects of the ability
of sulphur-fixation agents to remove sulphur odour during mixing; the physical properties of
the resulting SMA, including penetration, softening point, and ductility; and the ability of the
resulting SMA to resist the leaching of sulphur compounds into the environment. The
sulphur-fixation agents used in this study were lime (CaO), commercial sulphur-odour-
removal liquid (ORL), and zeolite. The concentration of the sulphur-fixation agents in the
SMA mixtures were 0-18.75 wt.% for lime, 0.50-2.0 wt. for ORL, and 6.0 wt.% for zeolite.
The mixing temperature varied between 120 and 160 °C. The emissions of sulphur
compounds, which resulted in sulphur odour, during mixing were detected using lead (Il)
acetate paper. The penetration, softening point, and ductility of the resulting SMA were
analysed following ASTM D5, D36, and D113 standards, respectively. The leaching of
sulphur compounds into the environment was determined by submerging a sample in water
for a specified temperature and time, and the resulting water was then tested for the presence
of sulphur compounds using lead (Il) acetate paper. It was found, from the experiments, that
all 3 sulphur-fixation agents were able to remove sulphur odour only at the mixing
temperature of 120 °C. The abilities to remove sulphur odour of the SMA samples mixed
with lime at the concentration of 15.00% and with ORL at the concentrations of 1.0-2.0%
were found to be moderate. The SMA samples mixed with 18.75% lime and 6.0% zeolite
yielded a high sulphur-odour removal. For the physical property tests, it was found that only
the SMA sample mixed with 6.0% zeolite passed the ASTM standards for both penetration
and softening-point tests. The ductilities of almost all SMA samples, except those mixed with
CaO, complied withthe ASTM standard. The results from the sulphur leaching tests indicated
that no sulphur compounds were leached from any SMA samples. In overall, it was evident
that the SMA sample mixed with 6.0% zeolite at the mixing temperature of 120 °C yielded a
good result in sulphur-odour removal, passed all physical property tests, and had no evidence
of sulphur leaching into the environment.

Keywords: Sulphur-modified asphalt (SMA); Sulphur-odour removal;
Physical properties

' e-mail: sprod@tu.ac.th
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1. Introduction

Transportation has played an important role in the development of the World’s economics. It is the key
element in logistics and supply chain management, which is attributed to ~one-third (1/3) of the logistics
total cost (Tseng et al, 2005). In Thailand, it is reported that land transportation consumes nearly 80% of
the total energy in the transportation sector, in which road transportation has the share of more than
99% (Department of Alternative Energy Development of Efficiency, 2013). This is due mainly to a rapid

industrialisation and urbanisation.

The industrialisation and urbanisation, in turn, resulted in an increasing growth rate of motorisation or an
escalating number of motor vehicles (Kunchornratet al, 2008). Road transportation networks link regions,
places, people, and economics together, thus leading to social and economic development (Patarasuk,
2013). Currently, there are two Thai governmental agencies responsible to construct and maintain roads:
the department of highways, whose main responsibility is to build and maintain highways (Department of
Highways, 2013); and the department of rural roads, whose principal duty is to construct and maintain
local roads in the suburbs and the country (Department of Rural Roads, 2013). Due to an exponential
increase in a number of motor vehicles mentioned earlier, it necessitates these two state agencies to
develop hishway and road networks, and to construct more highways and roads. Since most of the
highways and roads in Thailand are made of asphalt (Department of Highways, 2013; Department of Rural
Roads, 2013), the demand for asphalt has increased substantially, which, occasionally, resulted in a
shortage of the supply of asphalt for highway and road construction. Sulphur-extended asphalt (SEA) is
one of the applications for sulphur utilisation, in- which sulphur is mixed with asphalt to extend the
amount of the resulting mixture (Al-Meththelet al, 2010). Since asphalt is the non-volatile product (or the
product obtained from the bottom of the distillation column) of refinery plants (Speight, 2007), and
sulphur is also the by-product of refinery plants (Al-Meththelet al, 2010; US Department of
Transportation, 2012), the mixing of sulphur with asphalt to produce SEA has been in practice for about
four decades (Al-Meththelet al, 2010). In addition to extending the amount of the asphalt-sulphur
mixture, the blend of sulphur and asphalt, which is also called sulphur-modified asphalt (SMA), has such
desirable properties as a high corrosion resistance, an enhanced mechanical strength, and a fast hardening
(Al-Meththelet al, 2010). Unfortunately, however, sulphur has to mix with asphalt at elevated
temperatures [high enough for the mixture to flow, which are within the range of 120-180 °C (US
Department of Transportation, 2012)], it is likely that such sulphur-containing pollutants as SO2, SO3, H2S,
and other gaseous organic sulphur compounds may emit into the atmosphere (US Department of
Transportation, 2012). These gases can cause irritation to eyes, skins, and respiratory systems (Manahan,

2010). Thus, it is unsafe and health-hazardous to workers working in the road-construction sites.

In this study, the possibility of adding sulphur-fixation agents or sulphur-odour-removal chemicals to the
SMA in order to prevent the sulphur-containing gaseous pollutants from releasing into the ambient air
during @ warm and hot mix, while maintaining acceptable physical properties, including penetration,
softening point, and ductility, of the SMA was examined. The leaching tests were also carried out to
investigate the likelihood of sulphur compounds being leached into the ground-water while the asphalt-

paved roads or highways are submerged in water.

[12]
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2. Research Methodology

To prepare for the SMA sample, crude asphalt (or bitumen: the non-volatile, heaviest product obtained
directly from the distillation of crude oil) and aromatic extract (a by-product obtained from the
lubricating-oil-production process) obtained from a refinery plant were mixed together with the amounts
such that the percentages of aromatic extract in the mixtures were kept constant at 15 wt%; aromatic
extract was blended with crude asphalt to reduce the viscosity during mixing. Crude asphalt and aromatic
extract were mixed at the mixing temperature of 120, 140, or 160 °C for 1 h. After 1 h of the mixing, a
pre-determined amount of sulphur powder was added to the crude asphalt-aromatic extract mixture, to
make the percentage of sulphur in the resulting mixture constant at 10 wt%. The sulphur fixation agent or
the sulphur-odour-removal chemical, also with a pre-determined amount, was also added to the mixture,

to examine its ability to remove or alleviate sulphur odour.

In this study, commercial-grade lime powder (Ca0), sulphur-odour-removal liquid (ORL) obtained from a
vendor, and zeolite obtained from a refinery plant were tested for the possibility of removing sulphur
odour, while maintaining acceptable physical properties, including penetration, softening point, and
ductility. The percentages of CaO, ORL, and zeolite were 3.75-18.75 wt%, 0.50-2.0 wt%, and 6.0 wt%,

respectively.

The SMA mixture (i.e. crude asphalt + aromatic extract + sulphur + sulphur-fixation agent) was stirred at
the same mixing temperature mentioned earlier (120-160 °C) for another 2 h. During mixing, paper
containing lead (Il) acetate was hung above the mixer to measure the emissions of sulphur compounds,

and the sulphur odour was also manually monitored by smelling.

At due time (after the total 3 h of mixing), the hot SMA mixture was poured into the moulds used for
further determinations of penetration, softening point, ductility, and sulphur leachate. The determinations
of penetration, softening point, and ductility followed the standard procedures of ASTM D5, D36, and
D113, respectively.

The test for determining the leachate of sulphur into water followed the standard procedure of CEN (the
European Standard) TC 292 WG2. The SMA mixture with the weight of 5 ¢ was submerged in water with
the volume of 500 mL in a 1,000-mL container. The container with the submerged sample was then
shaken in a water-bath shaker at the temperature of 45 oC for 72 h. After 72 h (3 d), lead (Il) acetate
paper was used to examine if there was a leachate of sulphur in water. The SMA mixture was further
submerged in water for another 96 h (4 d), but at a room temperature, and the test for sulphur leachate

using lead (Il) acetate paper at the end of the 96-h period was carried out once again.

3. Results

The abilities to remove sulphur odour of the sulphur-fixation agents or sulphur-odour-removal chemicals,
comprising commercial lime (Ca0), odour-removal liquid (ORL), and zeolite, were examined using lead (II)
acetate paper and by a manual smelling observation. Note that the manual smelling observation was

always double-checked with the result from the corresponding lead (I) acetate paper.

[13]
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If the resulting lead (Il) acetate paper turmned dark black, it implied that the sulphur fixation is ineffective,
or it meant that the emissions of sulphur compounds were high. On the contrary, if the resulting lead (II)
acetate paper was pale, it indicated that the sulphur-fixation agent with the corresponding percentage
worked very well in removing sulphur odour or in inhibiting sulphur compounds from emitting into the

atmosphere.

The results of the capabilities of the sulphur-fixation agents in sulphur-odour removal at different

percentages of the sulphur-fixation agents and mixing temperatures are summarised in Table 1

Table 1: The abilities of the sulphur-fixation agents in the removal of sulphur odour at different

percentages of the sulphur-fixation agents and at the mixing temperature ranging from 120-160 °c

The ability to remove sulphur odour at T =

Sulphur-fixation agent  Percentage (wt%) [the colour of the lead (Il) acetate paper]
120 °C 140 °C 160 °C
Low Low Low
3.75
[Dark Black] [Dark Black] [Dark Black]
Low Low Low
7.50
[Dark Black] [Dark Black] [Dark Black]
Lime 11.75 Low Low Low
(Ca0) ’ [Dark Black] [Dark Black] [Dark Black]
Moderate
15.00 n/a n/a
[Grey]
High
18.75 n/a n/a
[Pale]
Low Low Low
0.50
[Dark Black] [Dark Black] [Dark Black]
Odour-removal Liquid L0 Moderate Low Low
(ORL) ' [Grey] [Dark Black] [Dark Black]
20 Moderate Low Low
' [Grey] [Dark Black] [Dark Black]
. High
Zeolite 6.0 n/a n/a
[Pale]

It was evident that, at the high mixing temperatures of 140 and 160 °C, the abilities of sulphur-fixation
agents on removing sulphur odour was low or ineffective. Note that, at high mixing temperatures, the SMA
mixtures with high amount of lime (CaO) were too viscous until the mixing were not possible, and that

zeolite could not be operated at the temperatures higher than 120 °C, as specified by the vendor.

The SMA samples with 18.75% CaO and with 6.0% zeolite, mixed at 120 OC, were found to be effective in
capturing sulphur, thus resulting in low emissions of sulphur odour. Also at 120 °C, the samples with
15.00% CaO and 1.0 and 2.0% ORL exhibited the moderate abilities of sulphur-odour removal.

[14]
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Only the SMA samples with the sulphur-fixation agents that yielded the high and moderate abilities of
removing sulphur odour and the SMA sample without the addition of the sulphur-fixation agent were

subsequently examined for their physical properties, including penetration, softening point, and ductility.

The results of the penetration tests were summarised in Table 2. In Thailand, the penetration is set to be
within the range of 60-70 mm (Tipco Asphalt Public Company, 2013). The penetration lower than 60 mm
means the asphalt compound is too hard, which rendered the asphalt too brittle or easy to be broken
when there is a hard impact on the pavement. On the contrary, if the penetration is higher than 70 mm, it
indicates that the pavement is too soft, thus being susceptible to fatigue damage and pavement rutting.

The penetration of 60-70 mm provides driving comfort, durability, and resistances to fatigue and rutting.

Table 2: The penetration of the SMA sample mixed at 120 "C with and without the addition of the
sulphur-fixation agents

Sample Penetration (mm)
SMA (0% addition of sulphur fixation agent) 69
SMA + CaO (15.00%) 34
SMA + CaO (18.75%) 9
SMA + ORL (1.0%) 46
SMA + ORL (2.0%) 81
SMA + Zeolite (6.0%) 61

The SMA sample with no addition of sulphur-fixation agent and the SMA sample mixed with 6.0% zeolite
passed the penetration test, as the penetrations lay within the range of 60-70 mm. The penetrations of
the SMA samples mixed with 15.00% CaO, 18.75%Ca0O, and 1.0% ORL were 34, 9, and 46 mm,
respectively, which were lower than 60 mm. On the contrary, the SMA sample mixed with 2.0% ORL has

the penetration of 81 mm, which was higher than the upper bound of the standard range of 60-70 mm.

The softening-point temperatures of the SMA samples were as illustrated in Table 3. The acceptable
range of the softening point is between 45-58 °C (Tipco Asphalt Public Company, 2013). The SMA sample
with a too high softening point exhibits the driving discomfort as the sample is too rigid. On the other
hand, the SMA sample with a too low softening-point temperature was prone to being melted at high

road surface temperatures, thus risking of fatisue damage or rutting.

It was found that almost all the SMA samples passed the softening-point test with the softening points
within the standard range of 45-58 °C. The only one sample that did not qualify for the softening-point
test was the SMA sample mixed with 1.0% ORL, whose softening-point temperature was 68 °C, which was
outside the acceptable range.

Note that the softening points of the SMA samples with the addition of lime (CaO) were higher than the
highest temperature that the softening-point determining equipment can reach; thus, the softening point

temperatures of the samples could not be determined.

[15]



MIUTEPAMMIUALUNAUBNANUNNGIAINTTY
WInNTIUUAZNTIANTTEREMNTTHREESEY ATAN 2 Used1l 2556

nmqnmwnﬁuuu'uh:mﬁhu

Table 3: The softening points of the SMA samples mixed at 120 °C with and without the addition of the

sulphur-fixation agents

Sample Softening-point temperature (°C)
SMA (0% addition of sulphur fixation agent) 54
SMA + CaO (15.00%) n/a
SMA + CaO (18.75%) n/a
SMA + ORL (1.0%) 68
SMA + ORL (2.0%) 48
SMA + Zeolite (6.0%) 55

The ductilities of the SMA samples were as exhibited in Table 4. The sample whose ductility higher than
100 cm are acceptable (Tipco Asphalt Public Company, 2013), indicating that the sample is flexible and

has a high resistance to crack.

Table 4: The ductilities of the SMA samples mixed at 120 °C with and without the addition of the

sulphur-fixation agents

Sample Ductility (cm)
SMA (0% addition of sulphur fixation agent) > 100
SMA + CaO (15.00%) The sample was cracked at 56 cm
SMA + CaO (18.75%) The sample was cracked at 11 cm
SMA + ORL (1.0%) > 100
SMA + ORL (2.0%) > 100
SMA + Zeolite (6.0%) > 100

The experimental results yielded the fact that almost all samples, except those mixed with lime (CaO),

passed the ductility test, as they could be extended for the length longer than 100 cm.

The additional leaching tests indicated that all samples submerged in water did not yield positive results
(i.e. dark black) to lead (I) acetate paper, even after the samples were submerged in water for 72 h (3 d)

at 45 °C and another 96 h (4 d) at a room temperature.

4. Discussion

The results from the sulphur-odour removal tests illustrated that only the SMA samples with the
additions of 6% zeolite and 18.75% CaO mixed at 120 °C were able to eliminate the emission of sulphur
odour satisfactorily. It is known that zeolite has a highly porous structure and is widely used in separation
processes for the removal of gaseous impurities (Kulprathipanja, 2010). Lime (CaO) is also a highly porous
material extensively used for controlling the emissions of oxides of sulphur in coal combustion for several
decades (Miller, 2011). Hence, these experimental results confirmed that fact that these two materials

had the abilities to remove sulphur odour.

[16]
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At higher temperatures (i.e. 140 and 160 °C), the abilities in removing sulphur odour of all sulphur-fixation
agents were found to be ineffective. This might result from the fact that, at hish temperatures, the
chemical bonds between sulphur compounds and sulphur-fixation agents broke apart, thereby causing
the sulphur compounds to emit in the ambient air.

From the penetration tests, it was found that only the SMA sample mixed with 6% zeolite had the
penetration of 61 mm, which lay within the standard range of 60-70 mm. This indicated that the addition
of zeolite at 6 wt% into the SMA sample not only gave a good result in sulphur-odour removal but also
yielded an acceptable penetration.

The penetrations of the SMA samples mixed with 15.00 and 18.75 % CaO and with 1.0% ORL were lower
than 60 mm, indicating that they were too brittle. This might result from the fact that lime (CaO) is a
concrete-like material, whose main properties are strong but brittle. The penetrations of the samples
mixed with odour-removal liquid (ORL) varied differently from being too brittle, with the penetration of 46
mm, when 1.0% of ORL is mixed with the SMA sample to being too soft, with the penetration of 81 mm,
when 2.0% of ORL is mixed with the SMA sample. However, since the details or the composition of this

liquid was not known, any further discussion and interpretation could not be made.

With the exclusion of the samples mixed with CaO whose softening points could not be examined as
mentioned in the previous section, only the SMA sample with the addition of 1.0% ORL did not comply
with the standard. The softening-point temperature of this sample was found to be 68 °C, which
indicated that the sample was too hard. This was in accord with the result obtained from the penetration

test, in which this sample exhibited a low value of penetration of 46 mm, indicating that it was rigid.

The results from the ductility tests showed that only the samples mixed with CaO could not pass the
test, as they could not be extended longer than the standard minimum length of 100 cm. This implied
that the samples with the addition of lime (CaO) were too brittle as it displayed the behaviour of

concrete-like materials.

Additionally, it was found from the leaching tests that there was no leachate of sulphur compounds from
any SMA samples, even after they were submerged in water for an extended period of time at both
elevated and room temperatures. This indicated that the SMA mixed with sulphur-fixation agents (i.e.Ca0,

ORL, and zeolite) had an ability to resist the leaching of sulphur compounds into the environment.

When combining all the results obtained in this study, it was found that the SMA sample with the
addition of 6.0% zeolite, whose ability in removing sulphur odour and in resisting the leaching of sulphur
compounds were effectively high, passed all the physical property tests, including the penetration, the

softening-point, and the ductility tests.

[17]
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5. Conclusions

All the results obtained in this study could be summarised as follows
® Only the mixing temperature of 120 °C that the sulphur-fixation agents were still
effective. At the mixing temperatures higher than 120 oC (ie. 140 and 160 °C), the
abilities of sulphur-fixation agents in removing sulphur odour is ineffectively low.

® The SMA samples with the additions of lime (CaO) at 15.00 and 18.75%, of the odour-
removal liquid (ORL) at 1.0 and 2.0%, and of 6.0% zeolite could remove sulphur odour

with moderate to high efficiencies.

® Only the SMA sample and the sample with the addition of 6.0% zeolite passed the

penetration test, with the penetrations lying within the range of 60-70 mm.
® The SMA sample and the samples with the addition of 2.0% OR and 6.0% zeolite passed
the softening-point test, with the softening temperatures ranging between 45-58 °C.

® Almost all samples, except the samples with the addition of CaO, passed the ductility
test, with the ductilities higher than 100 cm.

® All the samples did not yield the positive results to the leaching test, indicating that no

evidence of sulphur leaching into the environment was found.

® |n overall, the sample with the addition of 6.0 wt% zeolite passed all the physical tests

and exhibited the resistances to sulphur emissions.

6. References

[1] Al-Mehthel, M., Al-Abdul Wahhab, H.I., Al-Idi, S.H., and Baig, M.G., 2010. Sulphur extended asphalt as a
major outlet for sulphur that outperformed other asphalt mixed in the Gulf. The Sulphur Institute’s
(TSI) Sulphur World Symposium, Doha, Qatar, 1-16.

[2] Department of Alternative Energy Development and Efficiency, 2013. Thailand Energy Situation 2012
Annual Report. Department of Alternative Energy Development and Efficiency, Ministry of Energy.

[3] Department of Highways, 2013. Annual Report 2012. Department of Highways, Ministry of
Transportation.

[4] Department of Rural Roads, 2013. Annual Report 2012. Department of Rural Roads, Ministry of
Transportation.

[5] Kulprathipanja, S. (ed), 2010. Zeolite in Industrial Separation and Catalysis. Wiley-VCH, U.K.

[6] Kunchornrat, J., Pairintra, R., and Namprakai, P., 2008. Sustainable energy management in urban
transport: The public’s response of road congestion pricing in Thailand. Renewable and Sustainable
Energy Reviews, Vol. 12: 2211-2226.

[7] Manahan, S.E., 2010. Environmental Chemistry, 9th ed. CRC Press, USA.

[8] Miller, B.G., 2011. Clean Coal Engineering Technology.Butterworth-Heinemann, USA.

[9] Patarasuk, R., 2013. Road network connectivity and land-cover dynamics in Lop Buri province, Thailand.
Journal of Transport Geography, Vol. 28: 111-123.

[10] Speight, J.G., 2007. The Chemistry and Technology of Petroleum. CRC Press, USA.

(18]



MIUTEPAMMIUALUNAUBNANUNNGIAINTTY
winnTTuLarMsIANITeRamNTINeEedadu AT 2 Usednl 2556

ﬂmqnmn I'li1ﬂll“'\\l]1=lﬂﬁ‘l"!1

[11] Tipco Asphalt Public Company, 2013. An Introduction to Asphalts and Its Applications. A vailable at
http://kmcenter.rid.go.th/kcdesign/dblog/upload/Asphalt-Product&Applications.pdf, access date: 14"
September 2013 (in Thai).

[12] Tseng, Y., Yue, W.L., and Taylor, M.A., 2005. The role of transportation in logistics chain. Proceedings
of the Eastern Asia Society for Transportation Studies, Bangkok, Thailand, Vol. 5: 1657-2672.

[13] US Department of Transportation, 2012. An Alternative Asphalt Binder, Sulfur-Extended Asphalt (SEA):
A Technical Brief Report. Office of Pavement Technology, US Department of Transportation.

[19]



MIUTEPAMMITWALUNAUBNANUNNIAINTTY
WInNTIUUAZNNTIANITEREMNTTHREESEY ATIN 2 Used1l 2556

nmqnmwnﬁuuw’uﬂi:mﬁlnu

m%uauvﬂmw’%uﬁmnmz‘uqumswﬁmwuswmaaﬂﬂszmmiwﬁimﬁﬁu
du17 u1n 22 aaud Wuadnaw NIUANEY BAAMNTINUTIYNUTINANERN
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This article is a study of Greenhouse gases emission from the production of Polypropylene
(PP) Plastic white cup General printed size 22 oz. The study is a case study from one of the
plastic packaging manufacturer in Thailand using “Carbon Footprint for Product (CFP)”as a
quantify methodology. The data of Greenhouse gases released into the atmosphere per 1 unit
of product including raw materials acquisition, energy, and production are collected during
from January - December 2012. The result has shown that Greenhouse gases emission caused
by the Product case study is equal to 0.3440 kilograms of carbon dioxide equivalent
(KgCo.e) which comprise of 0.0064 KgCo,e for material acquisition and 0.3376 KgCo.e for
production. After presented the proposal to improve the manufacturing process to decrease
equal to 0.3131 KgCo,e.The amount of Carbon dioxide gases emission from this analysis can
lead to a sustainable development process which is not only reducing the amount of
Greenhouse gases but also leverage the manufacturing industry and the environment to
become more sustain.
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1. umi1 (Introduction)

gaavnssuNsHARUsTYtRsinaaRniiuugnamnssaetheingudlasied Tnsnssuaumananazinisliide
waain vie ldarnafifuuiaiunisuauiagyinivaoufiowieutidinssuaunistugy ieliuansosl
wanafnildvunzauuinisldnusely Wu msdn (njection) nMs3avieRs (Extrusion) n1sitn (Blow) ludu
PENEIUNTEUILNSTUFUED Tusrumanainazudeiassuidiogungitununataindas dafudstinisudoldy
Fuu Mnduanduduneulunsnnudsdtunuliaysel wu msdauss nisvud msdawieindiou mafuriang
Hudu Sotudumstuganstugundntasinanain uazazihnisussgiodadsmingluigné (6]

Hagtiunszuavossdnineidsinaasugia (Eco Product) Mdaldsunrwaule esanidundndnsifiamisn
povaussauFBIMsiuNMsIFNuLdSansaTisaakanssuAst udeAauandeuldEnde miaInan
nAnAnsdsdnmasegsdiunidanainnisairauuAnannisiemursuuvunandas nsannisldasiaiily
nszuauMsHAn Maaamsliminenssssuralunndunouresssin msamuldinaluladfidreyssudandany
miLL‘U'aé’mdaumaﬂﬁslﬁmaﬁﬁﬂisﬂaumiLﬁaﬁﬂﬂ@LLaﬁnLLfmﬁam wavnseenasdudnual wSe aainifiesuses
duiiiduinsedunnden faiafiufmdnduiidfyiiersnudanndeuuaradanunmdiniotu (5] dwsu
Uszalng ssdnsuimsinnisfineiFeunsean (eadnsumay) wavaadudandeslne Tésmfuinunssuy
aanArsueuniwituAuAgUlnauilan Tnsaainasuounaniuriagsiilvguilnaldmsudsuufwiieu
nszanfinduantunounisiéindainghiu maudn nanszaedudn nisléou wasnsmidasnudanslinu g
aanasuawaniwiisuandlusurestemsvoulasenladifisui (Coeq.) [2) Fauumndunisdonan s
wthaUszifiumsueurpwauitudesdidmandnlusiinafnnuasdundesasiiderumdulldlunmswaun
NITLUIUNITHAR

e AidedndaniuarudrfyresUsununsuanaesingiounszanainnssuiunisnin tnevinisanwiuas
Fonwdntusinvugwarafnlwdlnsiau dun fuiaeans wuiaussy 22 ooud dalumamdainimanuinwed
maazdmanssnutedanadon Tnavhnsussidumsuouraniuidienansisiadefiinadenslanudesaiiv
waziauauudlumsuiuURnszuunRaaliTUTinunsUanUdesfiniounsyaniionas feldunisdaety
TrfgamnssunivuzussfusinanainiugnamnssuiifuinsdedunndennaziinarmdBuseld

2. 95938 (Research Methodology)

¥ a

2.1 VBYAINNIZUIUNIING

£

Poyanldlunisusziliumiveuransuidmiundnduginnniswinussadurmatainsialndlnsiidu dv17 awn
U399 22 0aud fiwviadnane Auusiiow unsian 9 swaaw w.a. 2555 Wussesiavionun 12 weu lngdoyad
swswtulszneuluing deyavesingiunldlunisnds niwensiiends ndsnuildlunssuiunwds veadedn

AnTulutuneunisnds sufeiinvesenuninuy warszsenidlunmsuudeingiuresdaevanlsanundningiv
WGITIUAAMNTTUUTTU A

2.2 MSNTAUAVBULYA

#913U1vUANTTUTEIIUAS VBN U vaenaninainstlAnw Tuguuuugsiagdssia (Business-to-Business,
B2B) FavzfinnsanlusiuvesnsiiungeingAuuaznisuin
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2.3 ArduuszansnisuanUdesinwidounszan
miﬂivLﬁuﬂ'1%UauWMwéluﬁﬁm%’UwamﬁmﬂLﬁaLLamﬂﬁ]ﬁ“]“ﬂﬁﬁwamvwwia?ﬁmé’auﬁummﬁjuvmﬁﬁlﬁm%wmaaﬂ
yilalnalwsiaugdunnsalfne m‘wmﬂwammsmumﬂﬁumawﬂswawﬁmiﬂamﬂaastsaLiaumuﬁmmmwﬂauawm
ﬂumnmswﬂuamiﬂiwmumiuauwmwwmmwmamﬂm% @i 3 adutudl 19 fqu1eu 2555 wazatutuil 2
1UNIIAY 2556 YBIDIANTITUSIITIANITADLT0UNTEIN (BIANTUNIYL)

2.4 M3UszliupsusuNANI UM UNEA Sl
Juppulun1susziunsuaunansun anunsaagulananing 1

denuansueivine

b of

dnvidansivianaandninsdin
(Life Cyc

—

e Flow)

.

daAuteya
(Data Collection)

.

L@onAT Emission

.

AUIIASTUDUNANTUN
(CFP Calculation)

A 1 JuneulunisussidiuansuauneanTuv [1]

2.4.1 aumsAuUInuasuaunnIum
GHG emissions = 2. (activity; x GHG emission factor,) [1]

GHG Emissions [kg] A USunauiwiseunszaniiudeseaninnntieinginstinvewmansiue Megluveuinifnu

Activity; Ao ToyauSunansidingiu uazninensildlufanssy vienszuiunsndn Tuusasyiswesingdnstin
VaenASDIN UV UAYEINTSUTEEIUA SUBUNANTUN

GHG Emission Factor; fie A1dinan1nn1sUaesinsizeunsyanasiiduandneiuly Juivsinvesingiv wavude
vomndsnuinldlufianssy Wiensvuiunsndn [1]

Tumsussiuansveuansuidmiunaasdun aunsoudinisussiiiule 2 dwdall
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2.4.2 MsUsziiunsuanvdesiniseunszananingiu
Usziflunnmsudesfiniseunseanvesnislauwaznslduselovy dngiv ndanu waegnineins ellaunis
AwInUsInufieseunsyanannIslangaingiv Awelull

Usunasingauildlunisudandasiomm sieviie (Function unit)
= wavmvealTinafiiuTiuTld / Usinaeeansudaluliiiusius

2.4.3 M5UsUNSUaaeN w0 UNTEINIINASVUES
Uszillunsvanudesfingiseunszanvrensiiundaingauiarnisudn Inglddeyadndsienis n1svuds dngau
NAIUY FTFUNTAUIUUSUIUATLSaUNTEINIINNNTVUES Aana Ul

MsgnsvudsusInan by (tm)
- (WUSinautomdsiildsewias (Function unit) x dulszansmsvdesfmdeunszananmsnan
waziludliaoinds) / 1000
AFTATVUAIUTINNVINGU (km)
= M5eN1IvUEIUTINNYIN (tkm) / thwiinnszveseuwmuylumsuudy

3. HaN15338 (Results)
nsnuTadoyauazyhmsUszifiuafuewlaniurivesnvusussafurmanainsdalnalnsfiduduinsdane
ansouaniinunsliinghudentnendndus warUsuunsanUdesfimFounszanannisldundeingiu
Fapanadt 1

M1319% 1 : N13UaREA93auNsEINVRINIT LTI TRgAUINNTEUIUNTHENN VUL NaNERN N AL S A UEVT7
YUIAUTTY 22 08Ut Nuiatnate JugumenszuIumanesiuvesuils deviiendngio

Usunauild . N e
v 2w A \ \ v o« GHG Emission Factor J3urun1oisaunsean
aslaundeingiu Ml 1 RUeNENAUN
! (kgCo,e/Kg) (kgCo2e)
(Ke)

Wananafnlnalnsiaudla 0.0027 1.7562 0.0047
Wanana@nlwalnsidudun 0.0003 1.3621 0.0004
pANRUN 0.0001 2.5000 0.0001
oxlau 0.0000 2.2804 0.0000
qumaﬁﬂmii}m%us 0.0002 6.0593 0.0010
NABINTLANYUTTINYUY 0.0001 0.8260 0.0001
wunnlalaniinings 0.0000 1.9372 0.0000
munMlalaniinuinnass 0.0000 1.9372 0.0000
AANNLARSTIERUA 0.0000 0.5100 0.0000
HNATIU 0.0064

VB : 8198967 GHG Emission Factor 910 A ndilen1suseiiiua1sueunnnsuvingnsiue atun 4 uagansns
wanaAn Emission Factor aUuuil 19 fquieu 2555 wagatuiuil 2 unsiau 2556
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1397 1 wuhmsddesfmiFeunszanveansliundsingiu dadevndnifivinunisUdesfnaideunszanuin
fign Ao WiawanadnIndlnsfidula fusummsddosfedounszaniiomnviniu 0.0047 KeCoe Famasiuves
nsudesfeideunsyanuasnisldindeingivainnssuiunisndnmeus waraRnindlnsfidu nadAnw Jugude
nszuIunsweslulasuiis Wiy 0.0064 KeCo,e

waznsUsEINUSINaNMSIInG U ninenstiendn n1sgeuUse inwvendsiindulunsruiunis wasUsunan
MoTeuNsEINTANTUARIENEN Mg NaNTANYILAAIRINITINN 2

M15N9 2 1 N15UdRLMUTOUNTLANYBINITHANIINNTLUIUNMINEAN VUL NAERNINGLNTHAY V17 YUIAUTIY 22
goud fuianenily Jugumenszuiunsmesiunasuile de 1 viiondnsiue

Ysunauild o o
SN, fo 1 inenAasat GHG Emission Factor J3UruNIwL8UNILTAN
(kgCo,e/Kg) (kgCo2e)
(Kg)

TmesTunesuda 0.2005 0.6093 0.1222
VLWﬂWLﬂ%iaﬂﬁiJﬁa’WEJ 0.1796 0.6093 0.1094
Tlfuaseing 0.0008 0.6093 0.0005
Tivdedu 0.0813 0.6093 0.0495
husuene 0.0043 0.6093 0.0026
ihaudn 0.0813 0.6093 0.0495
Infwudsingiunielu 0.0014 0.6093 0.0009
LL@ﬁﬂ@ﬁ@é(Lﬂ%aﬁﬁmﬁaﬂﬁl) 0.0000 1.2381 0.0000
woanegedineslunosuile) 0.0000 1.2381 0.0000
wHuanIu(ergiiillen) 0.0000 3.2231 0.0000
Toa o 0.0000 1.3015 0.0000
nianaanain 0.0000 1.4067 0.0000
957 0.0009 1.0547 0.0009
LAYEN 0.0000 2.1100 0.0000
mﬂséﬁw‘ﬁu 0.0000 0.8319 0.0000
thifuvdedu 0.0000 0.8319 0.0000
tadouhiuwede) 0.0000 0.0000 Prentlseuy
dananapnslafauauuieuwende) 0.0000 0.0000 Pentlseny
Aaunanafn(vode) 0.0000 0.0000 entlseuy
wuanIuilduda(vede) 0.0000 0.0000 Pentlseny
ununsyawiHuUAN(veade) 0.0000 0.0000 entlseuy
ununszATeIulng (e udy) 0.0000 0.0000 PNy
iAsRAINLaRsITERUA (VDY) 0.0000 0.0000 Nl
wiwansl(veade) 0.0009 2.3200 0.0020
wiwiUudeuweds) 0.0000 2.0000 0.0000
thilundeauilduiwoade) 0.0000 2.3200 0.0000
nsvdasalsd(veade) 0.0000 0.0000 0.0000

NI 0.3376

V8L : 91989A7 GHG Emission Factor 910 a1nafien1suseiiiua1suaunansuyingnsiue atu 4 wagnnsng
wanaAn Emission Factor atuiui 19 iguigu 2555 wagatuiui 2 4ns1Au 2556
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1T 2 wuin YedendnueanisudeseiFeunsranludiunisndnavususseiasinaiainnsdifinu Ao
Tihanpsesdnsmesluroduis Ifhainmsfiniats  Tiihenssuudmaedu wavlvihanssuvausn o
Usununisuaesfinesounszanivnnu 0.1222, 0.1094, 0.0495 KgCo,e auadiu Usununasinueinisuassing
139UNTLANVDINIINER WINAU 0.3376 KgCo, Tnan1suseliiuysnian1suansaninuiinunssanainnsuudsann
mﬂﬂ”me?iﬁmqﬁw,axﬂﬁwam anunsouanslumIseil 3 waznsned 4

3199 3: NMsUdesfiiounsranannsrudwenslaungeingAuainnszuiunsuannsus narafn ndlned
AU 17 WWIAUTITY 22 oaud Nurianealy Fugumenssuiunsmesiunesuils deviendnsiue

Ysunauild - GHG Emission Factor ~ GHG Emission Factor YSunafnaiseu
nﬁlﬁ'méﬁmqﬁu fovie vun iw:mla (kgCo,e/Kg) (kgCo,e/Kg) nszaniiudes
wanuA (Kg) e mavuas wuitealy (100%) Yufieandu (0%) (kgCo2e)

diananafnlndlnsfidudla 0.0027 SOUTIYN 6 R0 34.00 0.0610 0.4892 0.0000
dianananlwdlnsfidudun 0.0003 SOUTIYN 6 R0 120.00 0.0610 0.4892 0.0000
nfinfiam 0.0001 FOUSIYN 4 §0 60.00 0.1402 0.3111 0.0000
avdlau 0.0000 SOUTIYN 4 Ko 25.00 0.1402 0.3111 0.0000
ganaaRNUITINTUL 0.0002 FOUTIN 6 A0 300.00 0.0610 0.4892 0.0000
NABINTZAYUTINNYUE 0.0001 FOUTIN 6 A0 120.00 0.0610 0.4892 0.0000
wiunlalaniinuings 0.0000 I0UTINN 4 G0 96.00 0.1402 03111 0.0000
wiunmlaUaniinUinnaes 0.0000 FOUSIYN 4 §0 282.00 0.1402 0.3111 0.0000
AANUARITHARUA 0.0000 SUTIYN 4 80 60.00 0.1402 0.3111 0.0000

Has 0.0000

VB : 8198967 GHG Emission Factor 910 A ngilen1suseiiiua1sueunnnsuvingnsiue atun 4 uagansns
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915199 3 nudn JadefifinisvanUaesfinmiounszanuindian Ao nisvudeingiufiananafinlndlnsiaula
MBIEEENa 34.00 Alawns Tderunmugsanssugussyn 6 detunisihdsinguandilssnugnainnssunsafnw
fUsuumsvandaesingiiounsyannenuisndndugiviniu 0.0000 KeCo,e

M5 4 1 N5UREMIUTOUNTEAINIINNTVUAIYIVBINITHENINATEUIUNTNAANBUE NAAFNINE LN AU
YUIAUTTY 22 0aud Nurianenaly Tugumenszuiunsmesiunesuils seviendnsioue

Ysunaild ~ GHG Emission Factor GHG Emission Factor YSunaufruSou
NNTHEAR AduIY vun FHIN (kgCo,e/Kg) (kgCo,e/Kg) nszaniivaos
wanfnal (Kg) nmnE vl aufigalu (100%) wuilandu (0%) (kgCo2e)
uoanesed(idosiisiany) 0.0000 SOUSIYN 4 K0 173.88 0.1402 0.3111 0.0000
ueanesed(meslamasuily 0.0000 SOUTIN 4 G0 173.88 0.1402 03111 0.0000
wiuanTuezgiiion) 0.0000 SOUTIN 4 G0 182.00 0.1402 0.3111 0.0000
Temuey 0.0000 SOUSIYN 4 K0 175.00 0.1402 0.3111 0.0000
nveaWesA 0.0000 30UTINN 4 f0 158.00 0.1402 0.3111 0.0000
9150 0.0009 SOUSIYN 4 K0 154.08 0.1402 0.3111 0.0000
LAYAN 0.0000 SOUSIYN 4 K0 24.60 0.1402 0.3111 0.0000
awsdiutu 0.0000 30UTINN 4 §0 30.30 0.1402 03111 0.0000
dhifundedy 0.0000 SOUSIYN 4 K0 23.30 0.1402 0.3111 0.0000
Heodouthiuweady) 0.0000 - - - - 0.0000
diemanadn3lapauauuiou 0.0000 - - - - 0.0000
founanain (vouds) 0.0000 - - - - 0.0000
wiuanuilduda(veade) 0.0000 - - - - 0.0000
ununsEAEsudn(voude) 0.0000 - - - - 0.0000
ununszauulng (veade) 0.0000 - - - - 0.0000
\AyRaNuanISTERUA(vode) 0.0000 - - - - 0.0000
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N1INER

Ysunauild
G AVel]
wan (Kg)

LhE)
HIUNIVUY

IFTUIN
N15UUES

GHG Emission Factor
(kgCo,e/Kg)
vufigaly (100%)

GHG Emission Factor
(kgCo,e/Kg)
YAgINAY (0%)

Ysunaufinssou
nszandivaen
(kgCo2e)

wavaslvosds)
wwihuudieu (voads)
thiumaeauiildud (voude)
nsylesansd@eaude)

0.0009 IUTINN 6 G0 235.00 0.0610 0.4892
0.0000 SOUSIYN 6 R0 235.00 0.0610 0.4892
0.0000 IUTINN 6 G0 235.00 0.0610 0.4892
0.0000 SAUIINN 6 4B 235.00 0.0610 0.4892

0.0000
0.0000
0.0000
0.0000

WA

0.0000

Ve : 819897 GHG Emission Factor 910 A nailen1suseiiiua1suaunnsuyingnsiue atun 4 waganss

L@AIAT Emission Factor atuiud 2 unsnau 2556

913197 4 wuhdadenisuaaldesfingdeunszanuiniign fie n1svudsnsd Judulantiends lunszuiunis
AIETEEEN1e 154.08 Alawns Tdeunivugsanseusussnn 4 dolunisiideingAuandalssiugnainnssy

nsalAny dUsinunsuanlassfingiiaunssandenulignaniueiiniu 0.0000 KgCo,e

4. afiusnewa (Discussion)
nsiasantiafevdniidsansenusofandeiininnszuiunsnandeausauansdsadelunsazdiuiionyn
fiUsinansUanddesfinaieunszanuiniign (Hotspot) 9nnszuiumswanliiazinlugnisinausuuamisiisl
anudululdfagriilinszuaunisuaniinisuanudosuunufaideunszaniianas

mm%’aa\ga‘iummaﬁ 3 adunisuanaununisanddesfinedeunsyanyesnisnszuiunsndn deUszney
nszuauMawesluneuils nszuaunsRuiasusIiel nszuaunUTIYiiuvie nslininennstiondn nstey
131 wagmsdaveads Fsnszurumsineiina1nndisdiu aunsausaaduuinnunisanddesuinafimTeu
NsraNYRIUTIYIMsNANERNNSEANWIRe 1 vy laRanng 2

0.1400
0.1222

0.1200 0.1094

0.1030

0.1000

0.0800

[Q

0.0600K g

0.0400

0.0200

AN 2 LEnIN15UanUaR RN aUNTTINIINNTLUIUNISHAR fB 1 NUIBHANS U9

0 2 wudn YadelunisvandaeeUSunafiieseunseanuiniigade nssuiunismesiunesuia IUsunnu

Wiy 0.1222 KgCose 589a91AaNIzuILNIsiinianevean1tusussinsinstlfnyikasnslininenstionde

[26]
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ﬂmn‘nmn nssuualszinalng

s

winiu 0.1094 wag 0.1030 KgCoe mua1diu dduivdednaiudiufie nsyuiumsussaiuve Jusunaindugud
WasntunsudluiinslonasnursaamasinminnisdunluasUassfeisaunsean nsaau

thysfifissmineinstionanluisiifesihssdnuiedosdnaibu Suhlsdiainiu 0.0009 KeCose uaznistidn
veudeiiUsinamsvandesinsdounszanuiiiu 0.0020 KeCo,e Fwwandeiintuiuamnsouddldidvaudy
Ao dauusniAnannmsvudsveadedegunmugiitethluilanauiuasidalusssgmaiunndneiu duiiaes
voudelngdnlngazgnuievihlsanuiedluiludaduingiusioly uasdruitann voudsursdruannsai
nduunsluAaniglulssnuenaimnssula

nmsUszdiunsusunaniuidmiuameurussadausinarafnnsding annni 2 wuhnssuiunismesiy
wosuilsimsvandosiedounszanniian JafendninannslindsnulifihmenaiesmesTurlesuiedslunisiu
sUfeBmamesluesuiiadunszurumsiiinismasuvaianaradnnadlnsiduuasdaduusiunaradinioud
wnihgnisdnanfeuliioiasususiausiunanadin daiinslindsnudununnnunissidweanieamnesly
wWosuils Fedemalitiuiinanslindanulifianniigaidenssuisuiundsoluiihanszuussguesnszuiunms

Tumsfinsandsnuummaiieasuiinaumslindsnuliihveseioaveflunosuii Tastiauensldauiutestu
ArufoudmsuintesiugunataindsgnesnuuunlddmiuiuBninesveriesdaukunatain faiuddnlunis
HelushusyinindanunarisanUinanislindanuailnih iesanmsgapdeniuieuanamievunly an
Au¥eunTnanAosdng azmnden1siigedny Geazanunsndisanuianunslindsaulnildds 200 - 50%
3] nmsinsaedoaveslurleduils vievasuaraeifiananafndudwilindsnuinniign Fsaansoannisly
winulniannsihauuluudmrednnediniesdananain damaneurnisufuusuasundainsuiulse
aunsauaAnsFInINi 3 uazamil 4

2 4 sanggamgiivesnsyuenvaetavanedinnatafnudsiadauiudasiuauieu [4]
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nmqnmwnﬁuuu'uh:mﬁhu

i 3 wuih denszvenueemmandanaraindnsyiendurasiliins fuauiutestuauioudu lne
U3aseuTeInsEUandinaniauFouiiuieani S?iqﬁwiﬁLﬁmﬂﬂiqﬁgLﬁamm%'amas?:uLﬂﬁadwé’dmﬂw% g
wosiimsrThaunniudieliinanudeulunauwadiananainuinanglunszuen Taedleviaueliiing
AnsiaunudostunnudouiiuiesninannszuenvasuimandiawanainyhlidoumgifiAntulnesouanas faniw
4 Famnhuwmaiananuiiasaviinansldndsnulnihnnedesdanaiainvasnszuiuniameslunlesuis
szannsnanasndanuliindilévingu 20 Wesidud Tasainmaned 2 Usunamsndanuliihvesaiounesly
Wosufislunisnannivusnanafinnsdine 1 wiie wihdu 0.2005 Alandu aranauudewiiu 0.1604 Alansu
dmavinliiUiinaunsUanUdesfedounszanannslindsnliiiwonedostusunarafnmesluesuiisan
WUWINAY 0.1222 KeCo,e anadinaaivnhu 0.0977 KeCo,e

5. @3Uwa (Conclusion)

nmsUssifiuniveursmauidnsunsiann s narainnalnafidu dum wuinuTsy 22 oeud Rusiaanans
Jugtuuumeslunlesufia fanwdl 5 ansaagluiinafiieieunszaniiuanUdegsongusssmenoviag
wAnSusildsamsei 6

MW 5 ATuUzNaIEaRnInELNSAEY 917 WWAUTIY 22 Poud fuiatenaly

A15197 6 WARIUSUIUNITUaRUARYNMYLTaUNTEANSD 1 VUIUNANNUD VBINIYULNAARNLNE INSRAUFY U9
U399 22 00ud iuviainane

n1sUasefnYsaunsan e a
Y . | msUaseinwisaunszan
Y2IN5RUaTNISIY . . AGERE
A PRV VBINTSVUES QAU o .
YN INTYIN Uszlevul nghu o o (Kg QY]
. o WA UAZNSNEINT
WA UASNSNEINT Co,e)
(Kg Co,e)
(Kg Co,e)
nsldnvesingiu 0.00640 0.00002 0.00642 1.87
ANTNER 0.33756 0.00005 0.33760 98.13
33U 0.34395 0.00007 0.34402 100.00

(28]
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ﬂmqnmn I'li1ﬂll“'\\l]1=lﬂﬁ‘l"!1

NMTNT 6 NaTINVBIUTIUATUBUNINS W ITBIN U HATERNNSEANBWINAU 0.34402 KgCose Tnautaiu
nsUaesfingisounszantudiuvaansiiundaingiu JUsuiawintu 0.00642 KgCo,e wazn1snaniusuiauwyiriv
033760 KgCo,e ntiuldunauanumslunisusulsanssuunsuda lnenisléauuiuanuseuiean

USunaunnstandsnulnivesaseanasiunesuile sinbiusunanasiunsuanlaasinglseunszanvadnisnan
ANBUNABYINAU 0.31314 KgCo,e AININT 6

04
N 033760
031314
03
KgCo,e
0z
01
000642
0
mslanassingdiu AITHERN
B rgunisdiulss wimIliuls

AA 6 LansHan1siUssuisuUSuai9isaunsEaINNoULAL AT
WISV TN TZUIUNRER 6o 1 ddendnsioe

IINMsUsTluATUBUIANTUNE S UNTUE LTI MTINaaRnNsaAnwkasIEUERIIVNINITUSUU TN T0an
Ununisuantaesfingiiounszanainnszuiunisuaniidmansenuseduindeusniign iegaamnssuiiviu
fnsredawindeuuaziinanuddusdelulusinan

6. inAnssuUszn A

miTeatuiidnsaldfennudismdeuararunsananginszaunatevin St vensureunszan
As.algIswa SYEST¥TUA A5.UTYe) ununflug wa.ansmid tedasue 919139UsEImangnsUTyy1n @a1viminssuy
nsfansgpamnsssiionTudsiu sinendomelulafssusaanszuns finganlisiuine saaduugii
Huustlemisonisanunlundedl sudmsaaznailunisuiladgmansgnasnsunsiaudlenuddsauievios
dn5agaasluied Tmidveveunsean An 4¥AN AagUIEIUS FiAN1sEeRmnNERT e waz ALgES Wia
0173 fszaunushudeyavedlsanuenavnssumstan Tz UsIII NI NaaRnf e eildaTualunsAnw

o

AINU
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nmqnmwnﬁuuw’uﬂi:mﬁlnu

nsWaIAaNYzNaEuASTuas lRa I zandmunsTdau
Characteristics development of recycled tungsten carbide powder suitable

applications

Uguwed Srusdwus, avdod 2ededue, U] unnivg
auAvimnssumsdanisgramnssuiion i
AMEIAINTINAERNT UNTINEIRUNALUIATTITLIAANTZUAT
1381 ouuUsz1T 03 lWAU1Ee NTMIAMIUAS 10800

jumnongphan@gmail.com

UNAnga

mMywRnudnvurvedlansriildanmsladamiuudisanunslud fmeBnmsuawuuunauin lng
14 Ball milling nausngTansnsisanuaslus (WC powder) fianuuiguiiisaudu 96.27% usniiu
Wulanglmmden (T) unumdu (Ta) luleiden (Nb) wagluaudtiu (Mo) finnd1sainnissleida wanis
AAsIzvide SEM nudrdnuandanedvaunauuagiufiafienuidsuanniu nelave (Particles) 1innns
mzma&haﬁﬂLamaimaﬁwmayjizmw 0.07-0.44 um Fsaenndostundlanzianuaslusiisiniswasly
Haqtu eeslsfinmunndnuaslansraisamuansludildsuamnmsideiiamumngavdmsuihlunae
BuFuanudielflugnavnsandesanlanensriaduiinndrsdudulavgUssaru (Binder) waglaudd
wnzausenstuzdidutunuduudsanuaniluddely

AANdgy: N153lEiAa; uealiads; wwaulus; navianuaslus

Abstract

To develop the characteristics of particles received from recycle of tungsten
carbide residue cement by planet grinning using Ball milling, the result shows
that WC powder’s purity increases to 96.27%. Apart from that are titanium,
tantalum, niobium, and molybdenum which are residues from recycling. Result
from SEM analysis found that the particles are round shaped and smoother.
Particles spread constantly with sizes between 0.07-0.44 pm which are
correspondent with tungsten carbide particles presently produced. However, the
characteristics of tungsten carbide particles received from this research are
suitable for producing industrial parts, as others remaining metal particles are
eligible binder and also qualified for molding of tungsten carbide cement.

Keyword: Recycle; Ball milling; Planetary; Tungsten carbide powder

v

Ugumae 1U9ANUS
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ﬂn'lﬁ‘nﬂ'“ﬂ nssuualszinalng

1. unid1 (Introduction)

nsitangaamnsurAnudulavraTundegs (Hard metals) luflagtusndudesdimaimunnssuaumsslefa
fanduthuiafianuanslufifielindansfauififnaudmiumahluldou lnsemeaadnumsadanyly
Fau un 39 N1snsEaBRarANUIaVS TedvinareauifvesturuBuudafludlasiams armuds
(Hardness) ATudununisanuse Wudu dudslugramnssutudnlaneanuuisgedinisilufediuudanslud
ndunlélmiinntu (Sandvik Annual Report 2011) Ussgndlidmiununaniudiulaveanuudegs (Hard
metals) Anduderay 72 fusunanisuslnevilanussuna 59,000 fured Ustneudie glsuuslaavisanuans
Tud 17,000 siusiol Juuslaaiamuaislua 16,000 dusiad ansgosniuilaaiamuaisluauszana 10,000 fu
nol SgdnazBuieuslnavisamuanslua 4,000 Ausied wazinmalduslnavisawuaistud 3,000 Aused [1]

a X% 3 . a ' 3 °
Faudnsamuaslua (Cemented tungsten carbide) iAunuIMLY 15.63 g/cm AANABULAN 2,870 °C [2,3]
AULDEIEII 1,700-2,400 Hv [4] Tnefivisaauensludiduianiiugiu waglavsUszauldlavead (Co) duundn
& A & o . a & v Lo a P . o
uLATRlanAnUTELAN inserts tool ARtTuUTEINMSDas 50-60 UBNAINNUEILNITNEL 1V|LWLU83J (Ti) wnuUn1ay
(Ta) n3elulotleu (Nb) [5-6] iatiuautAn1sA1untunenisanuse wuadunatewiia (straight grades)
Usgnaumg Nano grades Tyurensulaiuiu 0.2 pm, Ultrafine and Submicron grades YUIALATUTEIING 0.2-
0.9 um, Fine grades YUIALATUTEWIN 1.0-2.0 um, Medium Coarse grades VUIALNTUTEWIN 2.1-5.0 Lag Extra
Coarse grades YUIALNTUNINAIT 5.0 pm [7] Hudu

miauadRveddargaadinafmenisuakuuLnauun (Planetary) uaﬂsﬁumiumam \unisuaieliinslane
mumaﬂuavumma%aam Tngordoaruiwesnsvunioun ilevngnueaiugiuuugauemiounuaznnag
wgiuansvemiioun anuimiiouaUsza 360 seu/unil mamamauﬂamsmﬁﬂammma’l,wuaummlmw
ﬂ’mmyuawﬁaumﬁi%ﬂ"ﬁﬂ 45 9 500 #1888m5 [C. Suryanarayana, Mechanical; 2001 [8]] Msualanzis WC-Co
Togldlanenavun 1.53 um wae 2.11 um $msadau 15:1 (Weight ratio of ball to powder) 1781 10-45 3lus
Tdaaungaseu 200 seuni Usingiildnaruail 25 Halus ansnsardensisanuanslusdmiutuny Grain size
8.45 nm [Liu Shaa*, Huang Ze—Lanb, Liu Gang b, Yang Gui-Bin b; 2006 [9]] AMSUALANENITIAAUANSLUALAUDAR
(WC-Co) unnunlulumsiuukwauiungg ball milling fewASeIun Fritsch Pulverrisetter 5 AYILSITOUTEWIN
100-250 s0U/W §ns1diu 10:1 wngnua 6-18 wu. Tdhian 10 Falua lelaveravuinsening 0.01-0.4 um
sUsunauiuiafaudeunndy mameBavesslavsiutous Semamengudnuriifinnnlansuamundn
fnasen1svnanuarFUTLasIUIAveseYNIA [10] Nsualanens WC-Co vunauluunsiagld ball milling vun
10-12 131, $m91du 5:1 uay 20:1 Aa3258U 350-750 sU/A7 1dnan 40 Halas anunsoimunlavesaisainu
A15luATuIneUN1A 0.01-0.15 um [M.H. Enayati , G.R. Aryanpour, Ebnonnasir, 2009 [11]] §Us19wilouusiuui
(thin plate-like shapes) Fadudounniesiiinangamgilunsuagsuazananaliaunavesgnuanaslansss
[Mukhopadhyay, Basu®; 2007 [12]] nswWauilansnsiaanuaisludiitiiunissledalaeds Hydrothermal
treatment wlesunsunde ball milling 14aan 24 Hilus Feawuanslusiivuinoynialiitiu 3 um sUsiamas
wiasusaufuLsiuanziuiutesdlavensifvuneneynadeutidlnguazanunsaiineenladlaie evnld
wam%umu%Luuﬁmﬂuﬁ%ﬁﬂﬁmwmmLLu'uamaaLﬁaqmmé’ﬂwmzé’ugmtﬂuﬁméau [T. KOJIMA*, T. SHIMIZU, R.
SASAI, H. ITOH. 2005 [13]] MsiaiunAmudnvazvisanumslusanaslafauazndisogudadidodiindudnuas
sUTeteunIA waznsiineenledvedlanens sudediinlunisuaulaveUszanulavoad

NuATEIIhMsTauaudnyuglansnisamuasluaiNunssleAamedsnsuakuusnauue tneld Ball

milling Wiendnlangnendzusiinan eunmadnatazinudnvusmian Weuwhiusdlavelugaaivnssy
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. N
amgasgmnisuuwinlszindlng \ =

2. 35n15mAaag (Experimental procedure)

aiAfeivinimeasdasnaetenlavensiishunsiloda $1uam 120 ndu sUsTavanEyuRaNiUnaunIgnguiy
VAT TUINDYAIATEIIN 0.5-3.0 pm Auamil 1 ssdusznaumaaiidnivgifuiianuiosas 89.17 fismdu
wanUsEnauiie Inmillen (T1) uunidu (Ta) Tulewbey (Nb) uaglududdu (Mo) vunauazn1snszanevaslansu
58999 0.12-200 pm Aavuelavgnaiiomsuameazunssualiifu 50 pm vianuazenfelovuoauigns
Tgnifounruiadur uAugnats 97.40 x 85 Uy, gNUATUIA 6 1. 131U 10:1 (Weight ratio of ball to
powder) ¥msuasieLA3as Planetary Mono Mill “Pulverrisette 6” fnuansisIsau 300 seu/undl Winaiun
36 dlus Mntudanseddanzusiishumsuauasyhanuazoiadeenueatians dlavensludadumeussuy
g ATgamgiisEning 100-200°C Wuan 1 Halug MnduTnsgilansig Anwianuazguse gunse aae
nédosaunuiadidnaseululasalay (Scanning Electron Microscopy; SEM) Sasewilavsnasiamaiaenaissa
wilsndu (X-ray Diffraction; XRD) ilefnwuienfuviinuessiy lendnuaivedlanzig wazynsinsizsidemade
X-Ray Fluorescence Spectrometry; XRF s?iqﬁ‘]umﬂﬁﬂﬁ‘bi’ﬂumwwﬁmLLamJ%mm‘uaﬂﬁm SN LA
vALaznIINseveslanzraiisLisinTIneyIA (Particle size analyzer) fsamnsniinsizsitavuiauay
NsnsEAefvedanyu

2um 0.5 um

AMA 1 SEM Tangnavisamuansluaisnunigs bovia

AT 1 LLamm33wmzﬁé’ﬂwmzgﬂi'wwaﬂawmﬁsi'mmﬁ%'"LmﬁaGha%%' hydrothermal fiu Electrolysis
sty Usingitlanensdvuineuniasendng 0.5-3.0 pm sualagiadsUszaa 1.0 um Tavgnsdrulng
sUSNuUUIsAdiasIanemdsuduiaunaudnies Gdnuurguiiweseynalansreiiunsinanas
dwmadensudndurudsndenslud duaruuduaznsiumumsinuse Swfesimuaudnuaslfmnyaude
lUlgusiely
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3. HAN13398 (Results)

nansualansnaisaiuaislusuuulnawiualaeld Ball miling  dnsuualansusliavidenduniswaun
audnvazlaversiiiunsiladaliliammnzausonislinu Smanisiannqudnvaslangnaisamunislod
vosuieil UNg e il

3.1 MmyaseRlansnansaauasluadiswmaiia Scanning Electron Microscopy : SEM
NNy IURIYeTan Awn (Weuduaina 1 um) wargusnwaseunans visedunisiaulavulanens
Veaeunstud amnsauanssgaziden fanmd 2

0.25 um

i B

_— 1¥m 3
13KU X328, a1 Imm

2md 2 SEM langnaisamunslunsiaimafiiiunseuiunisuade Ball milling 1uan 36 $alus

NN 2 uanamanasgilanesaisanuansludfiiunisuauy Ball milling tdutaan 36 Falua U5
YUINBYNABYTEIIN 0.06-0.25 um ByMARABYSTINA 1.12 um symalavessdnlngiinnalndifssiuuas
sUssnauiufiveandlany (Particles) Simnui3suuntuudnyindalizusraunnatunasaunandavesianl
wiueu (iregular shape) nalanzaziinisinzsaudiudungus

3.2 MTATIERIsauAsluanemaila XRF waz XRD
MsIATIERlanENIRumALla X-ray Diffraction; XRD Wag wAlla X-Ray Fluorescence Spectrometry; XRF W@

nNsIeszmsdulansnaisamuaslus aunsaesuiesieazidenlasad

A15197 1 p9AUsENUMBATvadlaneNaTIamUASLUAS LaLAa

w Ti Ta Nb Mo Zr Fe S

89.17% 4.90 3.56 1.31 0.93 0.06 0.04 0.06
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INENTNN 1 HANTIATINUTUINVE9E9 Mmemalla X-Ray Fluorescence: XRF Usngi1 lavigraiiasrusenay
voe5mannImileein dulvaiduiiamy 89.17% wentudusig nden (Ti) unundu (Ta) wazluleidey
(Nb) sauuszunad 10.83%

P 13 = o ca 1
A5199 2 89AUTENBUNUARVBILANEHITIEAUANS LUATINIUASUALUULINAWLUA (Planetary)

w Ta Ti Nb Mo Zr Fe S

96.27% 1.68 1.21 0.42 0.35 0.03 0.02 0.01

HANTIATEiUTIUsnvedlanensiiusleAauazH U SUAMIY Ball milling Usinginesdusenauniuaiives
Tangnalurisany 96.27% wenNUuUsENOUMIE UWNUMEY (Ta) 1.68% lmmden (Ti) 1.21% wazlulaiden (Nb)
0.42%
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ANA 3 N15LANEIR X-Ray Diffraction langnevisaiauasluns llAar1unsuanIan 36 4alug

AW 3 nansiATIEsisemalla X-Ray Diffraction: XRD U1ng31 wilnvessadulansmavisaimuanslud dal
wndnvalamzduluauesmdaszunsgiu Useneusie esmdasen 31.49, 35.64, 48.30, 64.03, 65.77, 73.12,
75.50, 77.11 wag 84.09

3.3 MTUATIVVUIALALNITNTL AUV ARSI IFAUATTLUA
wamﬁmﬁwzﬁﬁummu@zmamsmstuaaiawzmﬁaamumﬂuﬁmum%‘aﬁLﬂswﬁaqmﬂ HAN1SATIERUIING T
langnsisanuarsludlivunnuagnisnse1efiegsening 0.12- 200 pm AIUNTNT 4 FIUVUIALAZNITNTEANBUDS
Iawzmﬁﬁgamgmmumémmzwmimyjmﬁu %umﬁﬂﬁqmﬂﬁzmm 0.12 pym Gumm‘l,wgﬁqmﬂﬁzmm 200 pm W
Taodnilvignslavzazdvuinegiivszana 1.50 um
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AIETA

1 /LN~
M

0.01 0.1 1 10 100 1000
Particle Size (um)

Volume (%)
N

29 4 BUNALaNIINTEABTRlansRTsa AT lUANaUNISUAIY Ball milling

25

s [\
o [
: [ |
; IRl

Volum (%)

Particle Diameter (um.)

a o o fal P - Y )
ANA 5 YUIALAENIINTEALMITDNANEHITIEIAUATS LUATINIUNSEUIUNISUASIY Ball milling T4aan 36 alus

Al 5 wamFnTeilangrsiianuailudfiiiunisuasie Ball milling Usinginisnszaneivendlany
Lm‘umLﬁuﬁmdauﬁﬁﬁuasJ'Naﬁ'nama‘ummLa:msﬂ'ﬁzmﬂagjssmw 0.07-0.64 prn BWIALRABYSEIIAL 0.17-0.20
um AT 2 wazamdl 5 wuimdansiinnunauinniuiuiadeuinnturnandansiinisnszaesaosas
Wunadrensihluldau

4. afus1ema (Discussion)

nsianudnvuylanensisamuasludmenisuatuuunauualagld Ball milling Usingindnuaesusiauas
fufannsiesgide SEM meiamuaslufdunssnamnniulasnuinoyniefivuadnasaisegiussaun
0.12 pm iierftuifunszuaunsiladia WC-Co cermets [13] wagdigustenan fufafinnuiFouanniu nvasns
Tangdinanszaredfiuauas fisusrenauunnty tnesoudinslansdidnvuziuinSovmniuiominudnns
wndeulmluniioundadunisundiegnuea (Ball milling) Fefimuaunaseninignuanagnslans nasuideis
vwmeyniadnasiesnuarlunisuaifindu 12 9l Suduavanisidmadonmudnvaslaneudidan
winngdmniunsildldeulugeamngsy
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NMTIATIERdndIuNaNvetlanens Usingindusiaisaeu 96.27% usntudusigunumiau (Ta) ey
(T wazlulaidon (Nb) susawanUszaa 3.63% Talusiguaululavensisiuresdudnduudansludumues
LA FalaneianddautRnasuinautRn1Inawntuy [5-6] LazaNNITIATIZE XRD WUIINANITIATIEN

gonndeiulaverisanuansludlugeaivnssuiieurinduinasunsisasuasiuaninisdwinglutagdu

§IUN1TIATIEAULIALAZNNTNTENBYBIBYAA USINYINWUIANIINTEINLOETENING 0.07-0.44 um  YUALaAS
Uszanad 0.17 um  Snnsnszanesainaue dwunvedansraisanuansluaflasuiianumnzausonisiily
wantunulavganuudigaiimudoussandldolugramnssuldifsusiiundanslugnamnsaluduauin
waggunsasuiade egnslsAnulansaaisamuansluddailansdunanundudannvinlmnduisamuanslud
U3avs azdsmaronisussandldnulugnamnssuliiussdvnmdiuiu

5. @3Uwa (Conclusion)

mimaummmwwmﬂmaﬂwmummaLmumﬂmwmm audmiunBntudndiuudanslud Lﬂuiammmmﬂiw
nauUATIANLITBUINNTUTLIAEYMALENAINIINTEIEFILAVAIUAYNINTETNBVOIOYNIAFLIALD TUIAREY
Usgan 0.12 pm- viavessinduiianuasludfinnunians 96.27% suinn1snszatesendng 0.07-0.44 um
Dulavensifinudnvuzmnzandmiviludssgndlelugramnssusioly

6. AinANIIUUTZNA
YOUNTEAN A1UIYIMINTTUNITIANITYAAMNTTUNEANUTIETUY A IFINTIUAENT unInenduwmaluladsy
wpansEuRs dmsunisldanuiiien1saniuniside
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AdARY(Key word); MITaNsales; MsTamuanannIenisinens; viaslgounuaiden

Abstract :

The purposes of this research were to study the potential and readiness of the community to
produce organic food crops and develop patterns of green management. The case study is a
community of staffs and students in the Chiang Mai Rajabhat University, Saluang-Ki Lek
Campus. The population of this qualitative based research were agriculturists, agricultural
scholars and community leaders of Saluang, Ki Lek and Huai Sai district, Mae Rim, Chiang
Mai. The research instruments for data collection included literature review, field survey, in-
depth interview, questionnaire, observation without participation, focus group discussion and
community seminar. Data collected were analyzed based on descriptive analysis, content
analysis and inductive analysis. The results of this research were found that agriculturists in
the community had potential to produce organic productions in major food plants to supply
students and staff of Chiang Mai Rajabhat University at Saluang-Ki Lek Campus. For
physical readiness of the area, most areas were flat with rich soil filled with mineral and
nutrient. The weather was appropriate for plantation. Water resources were abundant with
canal, mining firm and irrigations system, so water flowed through entire years. For the
readiness of social landscape, people in the community had four kinds of knowledge -
knowledge of organic plantation management, knowledge of cultural community-faith-
activity grouping, knowledge of economic community-new theory of sufficiency economy-
integration to the economic and marketing network, knowledge of knowledge process.
Community performed in their real lives via reproduction, sharing their learning formally and
informally, but they lacked systematic process of collecting data. For the model of organic
agricultural management, it was found that community took lessons together until they found
SALUANG MODEL featuring exchanged learning and shared experiences, awareness of the
dangers of chemicals, cooperation with the community and maintaining value and benefits of
resources, integrating of traditional knowledge and knowledge of modern technology,
seeking opportunities to get knowledge emphasized on communication, exchange and publish
data to members in community and natural agriculture and environmental friendliness,
including grouping and building partnership networks to coordinate stably and sustainably,
and finally on management process having morality, loyal, honest, sincere transparent, fairly,
which can be examined from the beginning in every step.

Key Word:Green management ; Agricultural Supply; Green supply chain
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1. U1 (Introduction)
AsHaNENs AT luA1ANSINERTANINALAMNTHT LIS 10 Tk LLuﬂﬁfaflumiﬁ’]L%'wam.ﬂﬁﬁﬁmﬁmﬁmﬁ

a

guynd Yinanslimsieditindasivveanuasnslneduieglussiuganniuamdiiu uazazBafiuan
LaaqmqammwLLavmqmmumaqmwmﬂiLummﬂiuﬂwuumummiwamm‘dumﬁme'mmﬂmwsuﬁuaamﬁaﬂa”
10 v9snsUgninuarenageiisdosar 32 dmsuiinunsinuanselue’ (8731550 gduiioy, 2550) a1sindn
dngiuduliymmeansisuzauiididyesussimalng 91nnnsdrsisvesdrlinlsnainnisuszneuendwdinuin
\nwnsnsTiiaNudshunaseuisgaliusnfunnnhiiidesih wrnnnsazideamieulesiiuaninisle
duaanstdadnsfivwuinnuasnsdndugfienuidsuarivaonds Tasaonguismiuiifiaeiesay 53.76
wazanmsAnwdeyadiaelu vesnsgnsnaisisuzgunuiasesinlurloamnuazarsiinivivuansi
relmAnnstheinniign (uwfiya Baasestus, 2554) uansiszvnsandugdsufidmnsfansasnsfiauamd
induhsiarduudwsiiduduvilwestymiidmansenuiemnuuaendoveanumsnsgliuazfuslnauaza
auysaivessruUinamLy matlinszanglueina diuuiiafu dildRunagnisnsyatevemandnniwnun1snems

VOINUNANLA1ADUE
Yy

melud 2558 2ziin1sdreanuiseuvesind@nyInieurauaainmansanensiuay 5,000 au lUGAneunae
AUMAN FNUMINGFYHDUATIUALTUNSNDTAMNEIBILIEAINFZAINUBNIINBIANSTAAIUTS LA AU

msdamemnsiiesessuinAnviyeainsdvauiina ndadudeddgduduiug azdesiniuns wazezdondu
p1sNHUsElevd dzo1n wazUasndy

LﬁaLfluﬂ'1imauauawé’nﬂ%’%mwaawﬁwma"aﬂﬁamﬂuwﬁwma‘”ﬂLﬁaﬁaqﬁumauauamaxL?‘ﬁyaqaﬁ’uuazﬁu
Taglanzegndeyuruiieglasseuinenun lunisidunildusuluinssunagnsienenaufinalulad
{ATeFldtmuafiufifvihnmsfinudneninvesnuasnsiioglaeseuingunausenaudeinunsnsiuaazans
fuatindnuaviuariensie wuhilnussnsdiunisivhnmsinuasaenansiy wrvszavtgmlifinainsessu
wandn uaznandaldlgmaniiliinensuamuduniau dunidaundululdammeiifofunaniouaznmegn
uenggna Msanuideisjatiiluinssuiunsinmenmsuasadoanansiiu Tnedudausinszuaunanan ms
UIM59An1s nsvudaznswlsgy lnelidnlufnudgueud anudlunsiinsinensuuuuaenasiivnielyl
waztlagtulaliiBnmsinsinuasuudlatine nsAnwiasyinisAnwinseuuwnAnsunsdanslunate qguuuudiil
anulndiAes 1Wuduin nquiiieasumsinnisdiendnsssunivia ndninuasdunid gidyaviesiu wdn
\sughadideiiemsiaun g véniasughanefios ndnemsasnds ninnsdnnislsguymuuuuniu 14
sUuuUTBMsAnwsemauinisdanisaug (Knowledge Management) titelilddnouuasihuvasusniy
sULUUM3EnsEUIUNSEANsALTe) (Green Management Model) Tneiinszuiunisdnnisiidussuuansgiu
nthaimdnnsdnmanusnsguild ﬁﬂzjnﬁﬂszﬁmﬂmzjumwmaﬂuﬁuﬁ fazfufnanuazdmiheiiietly
UsznavemsiiuitnAnwinasyunainsunine1des1vagide sl I nunara-LnEn SunoulIu i
Bl Taglsaguidunuudassnsssiafidunssuiunsndnemsdasnansiiy Tuvasiiuniidaimisansavaey
Houndsldmniumau

neivenSsiliyesomnefiensairamnaalmllumsuimsdansidundnnsianisainalaesmneliosdingd
JushnanauaniUdeududniudesldnadng 2 Usenns fie Usznisusn deamsldnisdanist adremnufusssalu
nMstersuaniUAsunanaannInnunsiludresTate s1ae Usinauasaunwaud msliatiuayudud
fififisndensihatendnenssssund wagnsiidnsumesanndnlunmsuimsianmsifuddy Usennsiiaesde
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fnvesduiazfemdnlasinszuaumsiildunnsgnudde Jaesasiivlasernmallabazeinunldsuiionis
Usgndanslanineinslunisndn wasnisanuSunaunisudesaisueudusseinia nsAnwldAnwinsaukiAnaI
nsdanslumaneqguiuuifenuaenndesuarindlfsstundnnsvesadwivsaossens thud noudiieatu
msdamssnevdnsssnivia nnmanunsdunid pitdyywiosdiu msdanisanus nénusuguasugianeiiies
MANN130MNTUaDANERNLIASFIU MRL, HACCP, GAP, GMP wagnann1sdnn1slgaununuuniuy (Green Supply
Chain Management) 1n¥n1swasusiukasadraupaiv 1u n158nn158den (Green Management) sl
nszUIuMswazMsIansidussuuinasgldaladets Wunuudiasmagsia dadunszuaunisnanuazdam
913l Ssvvuamssaulunistous fuandissuuusziuanudsdldfunanouunuiidudr Taruduadlunis
Uszneuendn wazvihaulasaniizwisay Juilaalddudfivasnioainatsiiy fundsiundid daunineiu
wmsgudidealusmauvana msdawounsinuszeznaifesns uasddutislanlunsanynaniivouuas
1ANITANE

235734 (Research Methodology)

nsAniteluadiilidunisfnvndanssan (Descriptive Research) wazn3dinwiidad15a9 (Exploration
Research) Wiodumuuneiuslumsdnamanandansnisinunsiautefnaufalagtu teafninifvesdaug
LLaszmLfJugULmeif\“fmmimamﬁmmqmimwmLLUUUa@maTﬁﬁwﬁmexamﬁ’uﬁuﬁﬁwaazma sruadimnuay
frvarene Sunowiy Surindedd Ingldussandlduun 5 funounistanisnrudvesiansad wids,
(2547) n:3-4,

(nwil1) muf]ug’mﬁmiumiﬁﬂLﬁumﬁmmimmﬁﬁaﬁ 1. msﬂﬂ%mmﬁ (Define) Lémﬁ]’]ﬂﬂ”l‘i(;l’jﬂﬁ’m’miﬂﬁﬂ’]i
MvuawmsveslymuazAumamneu 35nsuilelym éfaﬂ%’mmifé’mimLLazagﬁlﬂiLﬁaﬁwmLLﬁ‘i’jiym 2. NN
uazAumALy (Create) TnsrunisyansuaniUdsuanudniu Aummenaidsssdnduazsiudumuuamg
ihlugmsuitamitiniu 3.msafauasdafiuanud (Capture) Tnsnisaslassainannudainnisdumants
Faduspuu fnmsufudsedautas Uszendmnudlifinnamngay aenadosiuanudesnsld Sadugiudeyad
Wuanednualdnusuazumnnmy aansadiduazdunldldedsazanuazsing ¢ msudsiuwaniven
Au3 (Share) Wuiilavesnisdanisanuslunsaiiduniiuidauds (Explicit Knowledge) dnvindutenans
s1ueu} viensaiidunnugiledn (Tacit Knowledge) dnlviTiRanssunguniianiudouaag 5. msthamusluld
Usglowd (Use) 1dunsthausluldusslendvesyanalasnisiluldlunisdadulauiamiuazifiuyuaiad
Usvaumaniifeatumsdanisuandnneniainensaonansiufideslmianntudosduiaslifuan

Tunsasiuiiieinisfinviwazinudeyarudiniedu dunuguyy Mndinguinunsnswazidminfinues

'
a

SLNBLAITY i’]’wi’mL%ﬂmﬂm&JL'%'uﬁumﬂ;ﬁﬁﬂﬁamuﬁﬂLﬁuﬁﬁmﬁuﬁﬁaﬁmﬁmmuﬁ (Mapping) ¥84yuvu Wiy
Suinanuiideihudounasiufingdgn Tasmsdnidendlidoyandnuuuianzasiifianuienudlaannsol
foyadumainsasnssuldfindaiiagn Tasiiuteyaainii 3 dua fn1sudsdureuniafviusudeyasenidu 3
Fupouds duneud 1 mafnssunanuiidumsfinsnssuunmsiamsanufitensdanisnandennanis
\nwAs uazulensiiuniseanidu 2 seefe srexil 1 msfnwianudnuds Explicit Knowledge) msdnwn
mnuiaudadunsfnuindnnismgud enansnuideviedeyadislogluruvunazidugildinssusmld gn
vhundugiuteya Tnenaunawivdeyadildanmaivnusnlagldindediovdadu eiluuumisunsaiis
sULUU (Model) n1sdnnisauifiedanisuandamisnisinuasiimngaufuiiuiludunoudely ssoed 2
nsAnwAaEiusseglusiyana (Tacit Knowledge) IngiBmsdumuaiuuuianzdn (in-depth interview) lunga
Hlvideyavan 3 naw Usznouse 1. nguinumsns £ Uswelinens figueu S1uau 15 e lelilideyaiieaiu
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Air flow Simulation in a Cold Storage Room

Using Computational Fluid Dynamics Techniques
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sULUUNITIAREARSusiwuUA1 Tuieadu nuadiasinmsivanuingunsaliteenniAwazsuuuunis
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AE Uiy,(Keyword): Flow Simulation; Cold Storage Room; Computational Fluid Dynamics

Abstract

Maintaining product quality is an important for frozen vegetable and fruits industries. A
product arrangement and pattern in a cold storage affects the distribution of cool air and a
product temperature. Computational Fluid Dynamics (CFD) is used to simulate the airflow
inside the cold storage to reduce time and cost of experimental product arrangements. The
results of flow simulation model can reveal the cold storage airflow pattern, thermal
condition, air direction and velocity. This study simulates the airflow in a cold room with size
of 43.5 x 54.7 x 7.05 CBM. using the k-¢ turbulent model to analyze the distribution of cool
air inside the cold storage. The simulation was validated by physical measurement of air
velocity. To study the airflow pattern of the air distributors, the air supply air box and air
supply air grill were compared. The arrangements of product placements were then studied
using simulation. The simulation results show that the simulation results agreed with
measuring data. The air supply equipment and patterns of product placement affected
significantly the distribution of cool air.
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The results of this study can be used as a guideline to solve the distribution of air velocity and
to carry out an appropriate product arrangement in the cold storage. Moreover, it can also be
used as a guide in the design of cold storage to preserve the better product quality during
freezing and minimize the energy consumption.

1. umid1 (Introduction)
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2. 35339 (Research Methodology)
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3. NaN15398 (Results)

3.1 Mmsnsvasuaududaseveansa (Grid Independent Study)
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(@) 52U X3 () szuv Y
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4. anus1ena (Discussion)
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5. @5Una (Conclusion)

PMNHANTINABIAS Iavesan1aneluia iy ﬁmﬁmnaaaummgﬂﬁaaﬁuaame"ﬂaaﬂma‘lﬁ&’a"wmuﬂ%mLsuaa‘ﬁ"
2,096,166 Tun1svhuwenasmeuvasuUsaeInisiva Tnsaranuitennaneslufesduiianuuanmaaded 0.2
wnssedundl Geansathlusrassnislvaiifinisusuasusuuuumsdnnmandasilusuusineg vilvnaveanis
$ransnslnavesorniAneunsUuasundnsasinsnszaeiiiadnauslussazszuruiiiowinnisdnina
uAnSailiaenadostutosldoseinia uaznanissiassnislravesernAndansuSuasunissnneudn e
ﬁmiﬂ%’umf?{aumﬁmwNﬁmﬁ’mmﬂlﬁa&me?nmﬁaaﬂéaammﬂ Flwndnsaueilesunuduibanszoine
Tnadeuldegnwhianniu 91nuaisesnannisusuasunsinasnsatlddunumaelunsusuasy
sUuuuMsianwanAnsilunuudun wazmsviuildsusumisesdesdosarmavssmslsailinzantu

[64]



MIUTEBAMMITUALUEUBHANUNIAINTTY
WInNTIUUAZNNTIANITEREMNTTHREESEY ATIN 2 Used1l 2556

amqnmwniwuu'nh:mﬁlnu

6. NnAnssuUszN1A (Acknowledgement)

wui%’85151’%‘1@%%61414@]Wﬂﬁwﬁmmﬂamuaﬂfumgumﬁ%’a meldlassnsiauntnidouazaui doiile
RAAIMNTIN-NID. S¥AUUTYa N Usednl 2556 wagu3un auunyaseanaInngsy 311n sradimnuiiulusgay
namsIveLduvesdiunu drilnaunsauativayunsideuazuiem arunvasgaavnssudaia ludndudeuiiu
melauely

7. 19NF1591984 (Refference)

[1] Aes guiluand. 2545 aswmulusunsumauiamasdmiunisivanitudsinuns. Inerdnususagiin,
UAINBNAUNENTAENS. 106 U.

[2] e yauelResh. 2553 eflensangamaiiuaznisvudsnandn (nouil 1). KEPPKOOL [syuussulail] 23:
25-27. (fugnew) unasdisn
http://www.thairefrig.or.th/download/thairefrig_or_th/decrease%20temp.%20i%20(kk-23).pdf (14
WEwAIAN 2555).

[3] Us1lumd Lawzdiln waz 258n8 nigaufansy. 2541, AMTAIUINNITANUIUTEIDINIAGIEY
ComputationalFluidDynamics. u. 1-6. lu3deiiausuiainssudivainidluauinn. njunn:
aunnandennssuUsuenawislsmelne.

[4] Joueuss Avsannsna. 2550, msudionudeinuasnald. KEEPKOOL [szuusaulai] 23: 19-22. (fugeu)
WA http.//www.thairefrig.or.th/download/thairefrig_or_th/freezing%20fruits%20(kk-23).pdf
(14 wewnAU 2555).

[5] unAnendemalulagnszasunaisuys. 2548, sagesuatugadine lasenisdnenuainisidnasauly
QAFNNTTUDINNG. NTUVNNTENTHNGI,

[6] aontfuevng. 2552, wnliugnamnssuosndonugi-nieumulunaialanfuounaniiaala. gmanvnssy
§13 52: 5-7.

[7] gfia &fnsal. 2553. nsinwigumngivesdudilurieudu. KEEPKOOL [syuueeaulail] 9, 32: 16-19.
@gueu) wnasiiun http//www.chillmatch.co.th/images/attach/keepkool-32.pdf (14 N WAL
2555).

[8] Cotella G., M. Manzan., and G. Comini. 1998. Computation of Air Velocity and Temperature

Distributions in Open Display Cabinets. pp.617-625. InAdvanced in the Refrigeration System:s.
Paris: France.

[9] Davey L.M. and Q. T Pham. 1997. Predicting the Dynamic Product heat Load and Weight Loss During
Beef Chilling Using a Multi-Region Finite Difference Approach. International Journal of
Refrigeration 20(4): 470-482.

[10] Foster AM. and G.L. Quarini. 1998. Using Advanced Modeling Techniques to Reduce the Cold
Spillage from Retail Display Cabinets into Supermarket Stores. pp.217-225. InProceedings of
IRC/IIR conference on refrigerated transport, storage and retail display. Cambridge: UK.

[11] Hu H., X.L. Yuan and D.W. Sun. 1998. Three Dimensional Dynamics Simulation and Experiment
Investigation About Temperature and Oxygen Density Variation Process of The Fruit C.A. Storage.
Learned Journal of Refrigeration 1: 28-34.

[12] Hu Z. and D.W. Sun. 1999. The Temperature Distribution of Cooked Meat joints in an Air-Blast Chiller
During Cooling Process: CFD Simulation and Experimental Verification. Paper presented at the

20th international congress of refrigeration. Sydney: Australia.

[65]



MIUTEBAMMITUALUEUBHANUNIAINTTY
winnssuuagnsinnisgnamnssuegnedadiu asan 2 Usednd 2556

ﬂn'lﬁ‘nﬂ'“ﬂ nssuualszinalng

[13] Jing Xie, Xiao-HuaQu, Jun-Yu Shi and Da-Wen Sun. 2006. Effects of Design Parameters on Flow and
Temperature Fields of a Cold Storage By CFD Simulation. Journal of Food Engineering 77(1):
355-363.

[14]Stribling D., B. Eng, S.A. Tassou.and D. Marriott. 1997. Two-Dimensional CFD Model of a Refrigerated
Display Case. ASHRAETransactions 103(1): 88-94.

[15] Tassou S. A. and W. Xiang. 1998. Modelling the Environment Within a Wet Air-Cooled Vegetable
Store. Journal of Food Engineering 38(2): 169-187.

[16] Van Gerwen, R.J. M. and O.H. Van. 1989. The Use of Fluid Dynamics Simulation Models in Cold Store
Design. pp.233-239. InProceedings of IIF-IIR Commission B2. Bristol: UK.

[17] Wang J.F., X.F. Hu, CY. Liu. and W.Q. Jiang. 1995. Air Field Simulation of Freezing Store. Cold
Storage Technology 4: 4-17.

[18] Xiang W. and Tassou S. A.  1998. A Dynamic Model for Vertical Multideck Refricerated Display
Cabinets.  pp. 637-644. InAdvance in refrigeration system, food technologies and cold

chain.Paris: France.

[66]



MIUTEPAMMITWALUNAUBNANUNNIAINTTY
WInNTIUUAZNNTIANITEREMNTTHREESEY ATIN 2 Used1l 2556

nmqnmwnﬁuuw’uﬂi:mﬁlnu

A1sN1ARlAslguIngzIau ludndadansieilas ldnedansd

Removal of hexavalent chromium in synthetic wastewater using zero

oxidation state zinc powder
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UNANYD

= o

msitedanvnisidalasflonsnseiauilaelduiiseninendidnisuandsusidnasousening
Tasiflesnenuzaniaudt Crivi) fudangd (zn) Wesgluanmziinzanlasidensnszaauioziinufizen
Iilasndlenlasnauidsdifvliosas Msvaaewnanigfivanganlaedduusifnu fe a1 Aanudu
n3A-A1e USinaueedaned  anuanisnaaesiild  dandiuinAaaumansvesujisen wuinan1agd
winzanlunsidnlasdenenvzinaurfienududuEudumiigu 30 me/L §1uam 200 mL Ao a0
WU 150 min. ananudunsaaisiifiiey 3 Usinamsdanzduunn 10 pm Wiy 0.2400 ¢ Uszan3aim
Tunsidnlasidensnezaauiviifuiesay 93.3 wasulfiorsusuvisfidasisnsiisevindu
0.0185 min. "’

a

Aadgy(Key word): 1Asillesanazinauyt; aaumansvasufjisen; dins

Abstract

This research studied the removal of hexavalent chromium in synthetic wastewater using zinc
powder. During the redox reaction occurs, there are electrons exchange between hexavalent
chromium and zinc. In appropriate condition, hexavalent chromium reacts and change to be
trivalent chromium which is less toxic. The laboratory-scale experiment studies of the
removal of hexavalent chromium were carried out at 30 mg/L initial concentration and a
volume of 200 mL with time, pH and amount of zinc as variables. The reaction Kinetic is
also studied. It was found that 150 min. time interval with pH 3 and 0.2400 g of 10 um zinc
power was efficient in removing 93.3% hexavalent chromium. The kinetic models including
the zero order equation, first order equation and second order equation were selected to
follow this process, the kinetic studies show that the removal of hexavalent chromium could
be described by first order equation with reaction rate constant of 0.0185 min.™

Key word : hexavalent chromium; reaction kinetic; zinc powder
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1. uni (Introduction)

nsvuidoulangninludsndomananlaneuiinmaisie lHud azda Uson ansvy lesidou uaedlon
dnifa dnzduazyoiund ImﬂimLﬁ‘&mLﬂuiawwﬁfﬂﬁﬁﬁwmﬂﬁqmﬁwﬁq (Krishnani et al, 2013) LAA31nN1S
Tnuvesuyudlugramnssusneg 1dun nmsadeviidlavy mavlenuils ansedsnwuielsl nsnammdnnd
wazdaaey & saatng ensdesuardug duinwulendlenlusulandomensziawivaslasflonlnsriau
wilandoueneszaawiidusunounnilasdeslnseu esnduasiensiieannsanszaeidng
Fuwandouldd Tasdemenszanauiluaisusznaulasiun (Cro, ) wasluarsusznaulalasiaulasun (HCrO, )
annsounsiuBereaduarluoondladlianavesdsditin fufuihsivudoulaaidemenszriauiFedma
ﬂﬁwucsiamgwéuas?mma”au dwsulpsidledlasnewidsifuieeniesidlouensyinauviussana 1,000 wi
gnidnlaenisanaznewniegedulugivesmsuszneulansen ledlasliansgaduduriduasasgaduotiuvieien
enandunsa-snadl fendunanslés (Omole et al, 2007 wag K'Owino et al, 2007) usnainiansuszney
Tsideslanauilensenladiazaeilitosisligngadudginnisvesdsdin (Wei, 1997) dsdunsaniiv
vadasdflonenszanauisoilalaensdsulasdemensznawilniulandedlasanawt  duweluladly
mstdnlasdlemenezniawiannindeiivaneds Taua N39ATU NIIANAZNBUIIN MIANAENBUNIALAT N3
unznaudedsliiied nisnsedeeldifeudu nsafadeaisazarsuasniswaniUdeuleseu (Hudu
(Patterson, 1997 ; Krishnani et al, 2013)ﬂiﬂﬁimlﬂwLaﬂ%mLauwﬂufwﬁﬂagiugﬂiaaauau nsAdnlaenIg
anduiiumsgedusosiiautilumauaniudsulszaau nsgadulnsldduiutudaslinafuaiinaumauayiinig
tnduanldlnifuisnnsfiauudesasiifeditn  drunisidasienssuiunismaniideddaisiad wu
wledadammsedameslnoonles suaumnnuasfneliinndndusindureadeussavlmity

Aanududugaanvedlaadomensziauilufisoynelivdosgundsinnne fo udniiu undaihiofu
LLazﬁﬂ‘ﬁﬂuﬂixmﬂaw%’gal,u'%mﬁf-ﬁwiﬁu 0.05, 0.1 uaz 0.25 Tadnsuneans auainu (US EPA, 1976 way Code
of Federal Regulation, 2011) pehalsAnunstiatdeiioananududuveslasdemensyauilus i
rumstitandadeadulunmnasitouddosgunaniely

¥

nsvaaesliingusrasdiiothnadensduio zn” ediandndlifiinidnduinnsgiudiininlasfleuensziauyian
wwﬂﬂﬂimﬂuimmeLaﬂsuumLaummwaﬂﬂﬁmaaﬁgﬂiaﬂw%maﬂmEflfmJgﬂimimaﬂwamaqmaaﬂ,‘wmaﬂmau
uilnsdlemenegauildlaadenlasawidfivioond lumsfnwiasfnwuiiomannzfimngaulunis
MdnlasdlouenazriauiuasAnvaaumanvesufisoniionsusvanurdasiivesujizen

nsidlaadenlasawiiardingdlooufiiniuannsatidnoendensmnazneuluslarsUssnoulensenled

2. 35998 (Research Methodology)

2.1 msmanmgiimnzanlunsminlasdemenseriaun

2.1 1Msmnaiivianza

w3puidedunseiitaududuSudures Crvl) wihiu 30mg/L 970 K,Cr,0; 911U 200 mL Usuarau

\Junsa-sefienfevudumingu 6 Wunedangduunn 10 um U3uia 0.2400 ¢ (Srsdulneluaves Zn : Crivl) =
0: 1) wgsieAEIseau 150 rpm Huan 0-210 min. Wudlegsansazaneiioliaseimanududuves

Cr(vI) fidedewa3os UV-VIS Spectrophotometer
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2.1.2 mymeenudunsa-asiivanzay

nsveasauniiouts 2.1.1 wiasunandy 150 min. Usuaraudy na-ansiiafitevsuduiaiu 3, 4, 5, 6
wag 7

2.1.3 mMamuSinamadenedTuuza

Mnsveasuniiouts 2.1.1 umUdsunandu 150 min. Ysumaudy nsa-me feferSuduvinby 3 Y
NedsnedvAU 0.0785, 0.1570 Way 0.2400 g

2.2 msfinwaaumansvesujiseinisidntasdeusngsiiaun
NAmansnRaeanneiimnzaxlunsiidn Crvi)  shdfeyadildludmuameanuduiusmaufierdusugud
Taowlgunswisening [C(VD] Avdedunan URTedusunilidaadounsinlszning (n [CV] futaan UFA3en
dusuaeslneidounsimlszning 1/0 Crvi)] funan wagAnnamasisnsUfizen

3. NAN15938 (Results)

3.1 mswanmeiimanzalunsminlasndemenveriaun

3.1.1 Msmnafimanvay

ymsnaaestida Cv) mndidedaenziiensiliisenieendfunsdingdaududu cv) Sudu 30
mg/L Usu1ms 200 mL #ites 4 Usunaumsdenzd 0.2400 ¢ THaa191n15naaes 0-210 min. AIUINI08aZYBINIT
dn Crvi) Tdannaunsi 1

Co-C

% Cr removal = x 100 (1)
0
deo ¢ = pnandudures Crvl) Sudu (me/L)
C = ALINTUYY Cr(VI) Aviailas (me/L)

HansnaaeadetinAwinierarn1smda Criv) Weuiunm uanwianndg 1 ldsesazeansmdn Crv) gen
Wiy 63.3

3.1.2 mymaanudunsa-asiivsgay

MMsneaeindn Cr(V) mmfwL"Saéﬁmiwﬁﬁ’hamiﬁmﬁﬁ%m?maﬂ% funsdangafinududu crv) Gusu 30
mg/L  UTu1ms 200 mL Usunaumsdangd 0.2400 g Tdnavinisvaaes 150 min. fey 3, 4, 5, 6 uay7? Wan1s
naaeuiietindnnndearmsmin Crvl) Weufunm wanaianind 2
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oY 4 wedenzd 0.2400 g
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3.1.3 nMsmUsInanadenyaivanzay

dmsnaaestida Cv) mndidedieneiiensiuiisenieend funsdsnzaitenududy crviEusu 30
mg/L U3u19s 200 mL WaY 3 1381 0-150 min. USununsdanzd 0.0785 g, 0.1570 ¢ uag 0.2354 ¢ NaN1TNNABY
dlothindunmdesaznistdn Crvl) Weudunal wanadiannd 3

%0 Removal(%)
100.0 -
90.0 -
80.0 -
70.0 ~
60.0 - /
50.0 ~

40.0 -

30.0 -
20.0 -

i —4—7n 0.0785 g
=—-7n 0.1570 g

Zn0.2354 g
10.0 +

0.0 F
0 50 100

4;\‘

time(mir(.j

Al 3 anuduiusuesieasnisindn Crivi) fukan inrududu CrviBusu 30 me/L Usums 200 mL
WMoy 3 Usuunsdingd 0.0785 g, 0.1570 g taz 0.2400 g

3.2 MsfnwvauAanivesUfiseInsidnlasidieuenseinaun

Hdoyanismnasanisiidn Crvi) fiannududu Cv) Busiu 30 mg/L U3aas 200 mi TnelduTanamsdansd
02354 ¢ oY 3 Bz UARUFATeT  0-150 min. Wfiudegsindeifietnanudutures Crvi) fanas
anuduiusserineandudures Cvh) fanasiunan deduumsusuufitouaseasisnstuizek) tail
3.2.1 UA3en8usfugus (Zero order reaction) fianudusiusvesinuys uanafaaunsd 2

[C] = -kt +[C, 2)
dlo - [Ql, = aududuves Crvi) Budu (me/L)
[C] = anududuves Crvi) ivanlag (me/L)
ke = ANAATISHT (mg/(L.min.))

Weunsnan [C] Aunan (t) wandnanInig 4
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3|;Cr6+] (mg/L) R@udrdasaavlfAsedudueue

30

25

20
y=-0.1796x + 23.921

15 4 R?=0.8196

10 -

) 50 100 \1“'_'-'»0

time(min.)

1A 4 Fauenansvesufisenduduaud

3.2.2 Ufisendusunils (First order reaction) 1AUAUNUSYDIAIMUT wAAIAIANNITN 3 (ARG, 2001)

(n[C] = -kt + In[C]y (3
We  [Cl, = ANULULTUYBY Cr(VI) 15U6U (me/L)
[C] = AULTUBY CrVl) Ainailas (me/L)

| a v .-l
Ky AIAIVIERTT (Min. )
WeunmAdenanuduty In[C] fukan () kanasanIng 5

aaudansaalfAsaNSudunil
IN[Cr**] (mg/L) a
4 —_
3.5

3

2.5
y =-0.0185x + 3.3325

2 A RZ=0.9892

1.5 ~

1 A

0 50 100 150

time(min.)

= s Y] =
AN 5 ﬁlaumammadﬂgﬂimau@‘uwm
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1 kot + !
[C] > [Clo
(4)
de [, = Aududues Crivl) 1Sudu (me/L)
[C] = anududuves arvi) ivatlag (me/L)
k, = AALigRsY (LAme.min.)

WHUNSINANEIUNAUVBIAUINTUL/ [C] UL (t) WARIRININA 6

1/[Cr®*] (L/ mg) AaudIdnsuavlfAZEduRUaY
0.60 -

0.50 -

y =0.003x - 0.0156
R?=0.9374

0.40
0.30
0.20
0.10

0.00 !
}T 50 100 150
-0.10

time{min.)

AW 6 RauransUesUNzesusUaes

4. anusnena (Discussion)

4.1 psvnanmzvnzadlunsidnlasdeuenezaiauy

4.1.1 Msmvanvunzey

dlenanlunsneasafistufesaznsiida Cvl) auifindudae iesnlunsuusnanududuvesansiaduie
Cr(VI) waz Zn amnniilinisiaufisenduliediminda(unna, 2001) dns1n1sida Cr(v) Fomananudu
voansml 60 WifiusnilAmnn WeuFAserduiiuselusnsinsiida Crvh) axAssanasunsinazidngauna Favii
Tszansanlunsida Crv) iingegn Tunsnaasaaivilisesaznisida (Cr) \ingeaadie 150 min. e
AMLLNduTRs Cr(VI) anaawde 11 me/L Andu Seeay 63.3

4.1.2 msmaanudunsa-ansfivanza

ansavanefldlunsnaaenndonnn K,Cro, azaein dsarld Crvi) TugUvedlosausneg 3 uwuu fe 0,7,
HCrO, way Cro,” samegfefiuDong-Xing Yuan, 2011)  Cr(VI) Tugﬂlaaaumdﬂﬁmmsa%’uaLéﬂmaumﬂ
dangd @nedliBidnasen) luanneiiunsaldd Wosniifieviaziviina H @ldluuFazen) egunn vinld
URATeARLAR (Eckenfelder, 1987; In-Ho Yoon et al,, 2011; Angela, 2013) ansfaannsil (58)
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Zn =70+ 2¢ (5)
O, + 16H + 6e — 207 + TH,0 (6)
0. + 6H,0 +3e —> CrOH), + 4OH 7
HCrO, + TH + 3¢ — " + 4H,0 (8)

AIUNIIMAA Cr(VI) ialaaiiiiesn Tunisnaaesiiiiies 3 tseuazindn Cr(vl) geanwindu 93.3

4.1.3 msmUsadaingdinyay

MInaaesfan Criv) finnandudu Crvinsudu 30 me/L  USunas 200 mL Taeldu3unamadsnyd 0.0785 g,
0.1570 ¢ uag 0.2400 g AnLdudnaulneluaves Zn : Cr(VI) = 10:1, 20:1 uag 30:1 AuUSunasRaasduus
wuhiignsdnlagluaves Zn : CVI) Wiudu fevazveansfndn Criv) azgetude esanagiivad Fendy
sorption phase Lﬁm?]!u’l,uﬂﬁﬁ%aﬁaﬁﬂiﬂwﬂlﬁai%aﬂ%’umsé?aé]’w%a Crivi) ViiRavestane (Ponder et al, 2000)
ﬁqﬁf’w%mwe’l’mzﬁﬁlﬂwﬁuazmaLﬁu‘ﬁuﬁﬁﬂﬁmﬂ‘ﬁyuLLasﬁﬂﬁUQﬁ%a’uﬁﬂﬁ‘fu (Cissoko, 2009) Tun1snaaasdi
dasrdndagluares Zn : GV = 30 : 1 viliUFATeNsiEn Cv) RaldAfian Td%esazvasnaiida Crv)
gegawiiy 933

4.2 Msfnyvaurmanivesljizennisminlasdisuanasiiaun

MsAnINISMEn Crvi) Fiamadidu Crivisudu 30 me/L USuas 200 mL ey 3 Usunaumsdansd 0.2400 ¢
nan 150 min. ¥inmsAnaiiievnaudiusvesanududy [C] funan [t mudfiSendusiugud UjAzesus
mﬁmasﬂﬁﬁ%mﬁuﬁuaaq WansFaun1Sh (2)4) (unea 2001 ; Liu et al, 2008) ¥AITIATIEANT VAT 4-6
Tagfinsanaindn R AfailndiAss 1 1nilan Ae 0.9892 wuirvaumaniufAsenisinda crv) Tnelddngd
Wuufizensusunis  dwiumaaisnsufiten () Aermmuduresnsmiindenseninn  nlC] Aunan (@
(Cissoko, 2009) @3 k, Tun1snaasaiansiiiu 0.0185 min. "

5. @3Una (Conclusion)

5.1 nadalandlemsnszniauiluihidsdaeseiseisnsmaliiaddlivinnsvesufiseinendfianasly
dianasoulnnsdinzd

5.2 anmimnzadlunmsidnlasdlomenaziniauiluihdsduaseifinnududusudy 30 me/L Y3 200
mL Ao Usuaunsdingd 0.2400 ¢ Wow 3 szezaninujiser 150 min. awisaiidnlasdisuenizinawila
gegniosaz 93.3

' '
aaa [ =< a1 =

5.3 qaumansvosuiseinsmdnlasdlouenezawilulfizedusunidiaindsns (k) Wiy 0.0185

. 1
min.
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n1suszliun1sldnasuwazn1sUaaeinwisaunsTaANUDILATRIABNN N D SN NAD
Tngldnns5luhaguln
Assessment of energy use and greenhouse gas emissions on

End-of-Life Computer by Using Closed-Loop Recycling

2559ua BT uay LATed uinngna’
AU 3N TINNG U AnEdrnssueans wninerdodeddnl
239 aUWNELA Fuagwn sunellies Jwrindaslu 50200
Lwassamol@hotmail.com
2 pedyndenssuesena andmnssumans uwivendeideslml sate@eng.cmu.acth

UNANED
Uagtulszmalnefivsinamnaeuiivnesiiugaluegieseiiios luvasiedfufdimminssuunisidn

a

gnAouiBmasIIzaukasduszdnsnin Jamuiinisiidneindienissiefagulntuaiunsaiiian

Y
[
N o

nfualfduingAudedulunisdneeufiame flfiieuyniudufiiunuife il ingusrasdiiofinw
Uinadagiildanmneesiiameienssludaguiia wieufunmsusziunslindsnuuaznsdesineg
Bounszanaaeniginsvesneuiinmed fallveuinnisAnudaunnsidundelngiv mwdn nsldeu
uianisidaen Tagldgruteyasnlusunsy SimaPro 7.3.3 Tunsusuiiiunslindsanueieds Life Cycle
Enerey Analysis wazsUsziflunisuaesfoidounszandieds IPCC 2007 GWP 100a wieasiiouldiiuis
U%mwmmaﬁaqﬁlﬁuazwammuﬁﬁmsﬁumﬂmi‘%iemﬁaqﬂﬂm NWANSANINUIINTILAagUlaaunse
ifannduinldlndlunsndnaeufineslddstosay 4122 venintinaeufiunes 1 1a3es uazanusoan
Uninanslindnunaoniginsiinlafeiosas 30.92 vesndanusianun uenaninisiledaguiadsan
Usunaunsuaesieiseunszanlany 16.77 kgCO,-eq 3nNanIsUszLliudunalainn1sidneinaieniss
nidaguintu amrsaanmslininenssssumdldionmsmasnedeudaiuinniuduliinadne
wazWuAnTuNMshiamnaesiamesfiasnsatnduithgnssuiumsludaguisldednaussuuias
fusgansamsialy

o o o a 6 al a a, a % % aa
ANENARY: FINADUN MBS, miﬂémﬂaqmlﬂ; NTUTLLUUININTYIN

Abstract

Nowadays, the quantity of computer scraps in Thailand has increased continuously. In
addition, Thailand still lack of the appropriate and efficient system for management. This
research interested in disposal by closedloop recycling.The closed loop recycling has higher
recycling of raw material in producing computer parts, thisresearch aims to investigate and
estimate the quantity of closed loop recycling materials from computer scraps. To evaluate
the energy consumption and greenhouse gas emissions of the closed-loop recycling for
computer scrape. The system boundary includes the entire life cycle of the product, including
manufacturing, use and disposal. Using data base by SimaPro software version 7.3.3 to
evaluate the energy impact was assessed by LCEA (Life Cycle Energy Analysis) and the

*
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greenhouse gas assessment was done using IPCC (International Panel on Climate Change)
2007 GWP 100a which reflectto the quantity of material can be reused and the impact
occurred. The results showed that the closed loop recycling can be material recycled in the
production of computers is 41.22 percentage by computer weight and can reduced the energy
consumption over the life cycle, which is around 34.92 percent. The closed loop recycling
can be reducedthe greenhouse gas emissions is 16.77kgCO,-eq. As can be seen, the recycling
process can reduced the use of resources, both directly and indirectly. Finally, the appropriate
way for supporting the future management of computer scraps is to develop a system for
taking computer scraps back and propose to the closed loop recycling process.

Keyword: computer scraps; closed loop recycling; life cycle assessment

1. uni (Introduction)

Jgymwezananwandueinieddlniuazdidnnsednd (Waste Electrical and Electric Equipment, WEEE %30
E-waste)  mdudulgmiiuinszangluimlaniilinaneusswalianuddydutymiil fenisadrsderivun
VIAUNYMNBLAZNTIUTIAIDIAANTZUIUNSTUNISIANSATY E-waste wiall loufnauiames n3asius
nédosdnegulnsimilnsdnvigilusaziniosuuonie Wusu [2] dwiulssmalnetduainnisfinvinuii Tuln.a.
2546 FUSUNUUDI E-waste 1inTuUsEunn 58,000 fudadiunilsaiunsatiinduunldlug (reuse) lawaraiuimae
LA = o [J = a v = v

Hufanansanazdiluinissloda (recycle) logatisfaeag 80 (3]

dwiuteyavedwnn E-waste AAntuilantuneufinnesidudunilwes E-waste inanedullymddyuadl
Uhinaufunntuegenaii weidemngpamnssueesfumesinaiulafifunnlurnsfetuneuiiunesid
danmsdnasioiigauazeliAnUTinamesnasufiunesigmuunlaglu U a.a 2005 wuin Ussinmanigendn
fusinauenaomfiamesges 250 Sruades [4] luvusiivinaeufiunesvesssmAldviud nsmamsaiiningy
TuwsiarTUszann 300,000 ides [5] dnfudsamalneduannisdmanuitlueiadle ¥ we. 2546 fUSuaen
ABUAILABSDY 2,105 GTquﬁumxLﬁmﬁ’uwamsa‘hsq'«aﬁﬁauuams‘U%T,ﬂﬂmsﬂ,uﬂixmmaawamﬁmsﬁﬁdaiﬁlﬁmauﬁa
Usziamadedldlnihuasdidnvsedndlulna. 2550 wuismunisuslaaaenfiamesnieluusemaia
280,659.57 diusted (6] Befoldinduuimniigumnn uenanitoyainaudds wut 3 wa. 2553 fudunaein
ARNILMaTAsRs 5,095,344 TR %’!aﬁ"]mmimaléﬁa’]qmﬂéﬁmma?aaaﬂiﬁ 5 Yuavfinnsanisnsinisiiulndesay20
7] mﬂfjiymsuaamﬂﬂauﬁama%ﬁLﬁuqﬂﬁﬁuﬁuﬁﬂﬁé{aaﬁmiﬁﬂmLmeﬂumﬁmmsmﬂﬂamﬁ’ma%ﬁﬂusxw
wazATAY

1uﬂaa‘;ﬂ’u§ﬂszmﬂl‘maﬁé’aﬂasu1mﬂszmuﬂ'1iL‘?Jaizuuluﬂ13LﬁmwimmiﬁmLLEmmi'%ieszﬁaLLasmiﬁﬁmﬁmmzam
Tnodnlugflutagiuduasiunsaeausniuduiiaunsonenuenldlasiusuievenn vilituduilsanunse
neanenlddumilgnnesislinelmAnansfivluasdiufuuasBndrunisfignasluuashans wasilonauineliin
HapmnnsBusinuvesansivasgszuuineml vilidsmansenusouyuduazduindoulneguuuunssludadisogly
Hagtudilianansatheneeuinmesnduanldlimadailunmafeifejuiudmuiumeluled dufunsilade
qﬂﬂmﬁaﬁﬁa@ﬂé’uLﬁﬁ’wﬂszmumiwamLﬁﬂé’nﬂﬁﬁumu w%fauﬁgqmiﬁwLauaﬁmmﬁuaﬁaqmﬁﬂizﬂammm%'aq
oo TildsunmssleAagulafutuogiiloummdnuasnananar i dusudadudiud dyflazasiioul
WiuRsnauszlevifazldfuanmsiledaguinvessinaeufianeslneuinuianesduszneudididnves
pouRumeiunilueiesiu fifeliinafudeyastsainnisaenien Ysznoudulideyaaineidfeduitnisn
mﬂﬁmmanamLmau%umL‘waﬂswmzumimuummaaﬂm [8, 10-12] uaﬂmﬂuﬁuauawimwLLamaaﬂuﬂuiﬂﬁum
UsinaumslindanuuasUinunisudesimieunsyan dsaeiinisinuniasddutaslumsativayunisdnnis
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Ugymanneeufiumesiiiintueg1aduszuu wazanunsahiavedoyadslinamesianiaglasu mndszuulunis
SluAagngulnvesaiesnauiiinesiuuasuIRsvesUstmalnglueuansely

2. 35n13Anw (Research Methodology)
Bsinwlumiddeilduueendu 4 dw Ao 1. msfinwideyarniedesnsuiinnesuasaianisalusuueinves

wIndreuImes 2. USinadaniiazlasuanmssluAaguin3.nsussliunisudesfigsounssand.msuseidiv

NMINEIUAEATNINTTINTINAAIR

o
AN 1
' a | A ‘ - y el
didi 1 dfl 2 i 3 dwil 4
#nwdoyamniaiesnauiiunes 33 wifaguln maUARLNTIEUNTZAN
naeniginitin o el
nslindsunaenipginsdin
Annsalunm mansaivGinatagild

e . IE = 5,( A x EF,, x GWP, )
FINVATDIADUNURDT WDUAN 00135 ?llﬂﬂf‘!ﬂhﬂ LCE = By + Eee + 1Eq

Si = Qen M=Sxfxe Ego = (1-RR) Ey4

= a Y o i & & - a sl = a N
AN 1 ﬂ']iUiSLlluﬂrﬁI‘UWfﬁﬂﬂ']ULLagﬂqiﬂaaﬂﬂq“lﬂial‘lﬂigf\]ﬂﬂ]@ﬁLﬂi@ﬂﬂ@llW'lL(ﬂEﬁWVillﬂ@']q Imamiﬂ%maq‘dﬂﬂ

2.1 Anvdeyarnaesfiunosuaraanisaiinusinaouiome gty
Anwdoyareaniosneufiuposuuuiiie Tnsmuddeilsmuavouinmsinude mamsalsnaeufiunesiiay
Aindulul wa. 2557-2558 Tnvodedeyanisldoulu U wa. 2509-2550 wasimunoignisliauiade 3 Didio
thunldmenmsaimsuiinumneesiiamesnuaunisi (1)

St=Q (1)
g Qin = Usuansldanumsuiimes (piece)

S = USunaumnaeuiames (piece)

t = Yw.a. ANAT800

n = p1gMsldnudevesnouiimes

= o =~ a a v A Yo = a a
2.2 Anwdeyan1ssiufasarUsinaiagiaglasuannmssledaguin
NnNsEnsteyannimAeuazaiioneiiunsinnissnaeuitunesuulaemilutu aunsaasunsyuiunnss
lypaladauansly nmi 2
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ﬂl\’lQﬂﬂ'\M"‘ﬁNuViﬂl]i:lVlﬂ‘lﬂH

MU IusINeInT

viu A9 daiud

nsuenBuiau

nauwnBudntii
Msduniw
l [ MINATUR }—-[mu/\'ﬁﬁéudw
Tedaidn e
n'nauuvw"fnnaan WhvAleie
A vnduanlgln

NI

27 2 NSz loRanNanduaesesldlniwazdidnnsetind
un: U5U97n E-waste Management Manual, 2007 [8]

dmsuluauddedd aulafinuviangisnssleiAaguin (Closed-loop Recycling) Fams3ledauvulatiu Wunis
ﬂ%mmawmaa‘mwmmﬂmﬂmmuawmummmmiﬂumiﬂ%ma Falsignasludanis Taemsvinane Lmem
dsndudnunlunszuaunsniss lalda mmﬁmmmmmﬂauLmasuumaumiﬂiyﬂawumuwammm Wiatunau
nswanianasila Lmeamnmagfma@;wgﬂﬂ%mauuawmmgﬂmﬂauLﬁungmamumumimamm%L@m IEEANIGE)
genundundndausiviaiy fuandunmi 3

AsUsEnautudIY ' IR SR

A 4

nalengiegau

A 4

AIAIR

Y

nHae 7'y

n33luAa <

ﬂ']‘lN‘I?i 3 LLEWNLLNUﬂWWﬂiZU’JUﬂ’ﬁ%‘l‘ULaaLL‘U‘U@@
P317: Institute for Environment and Sustainability, 2010 [14]

thiauedeyauiinavesian wiasyislureyiiamesille 9nmsiluAalastinaueuiinaianildfensiansun
sefuresUsEansamnsilada (recycling efficiency) Fadusedumealuladiifidnenin ([1nadeNsIANITYEIN
wansasiniadilnihuazdidnnsednd) ﬁm%umiﬂisu1mﬂWiﬂ%uwmfaqﬁuazaﬂﬁaamﬂWiﬁ () lumsAuu

M =Sxfxe (2)

g M Yunatanila 9annnssluda (k)
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S = USunaumnaeuimes (piece)

f = Usunadaniduesdusznevvasmouiinmes (kg per piece)
e = seiurasUsEAnsnnmsslufaiazlatansenin

i = wiinveeian

2.3 nsUsziiiunsuassingisounszan (Greenhouse gas emission: GHG emission)
nsUsefiunsudesfeiieunsyanvaneds Uiinufudeunseaniivdeseeninainudndueiusazmisenaon iy
fnstinsaudnslinndengi msvszneviudunsldnuuasnstdasinudedaeimdsldou lneduimoonin
lugdvesmsveulasenlediiouin (kg CO,eq) [1] Fansananerdnenmlunisaeliiinnzlansouly
5881781 100 T M1u51891u8IANENITUATIENIN3gUIaIMensiAsunasaningiiennia wie IPCC
(Intergovernmental Panel on Climate Change) atuaigna lngn1sussiiiunisuaesinusounseanvowansod
wddunuaaimsussduiginsTinaueynsusnasg i 1SO 14040 [13] fauandlunimiia wazAuAULUY
M5UszIfiuluy Business-to-Consumer (B2C) lumsussiiiunmsUdesfimiFounszannaenininsdinuan i 2
AsUARUAILANSEUIUNS IS TeTngRu mandn nsldan wasnsidnenade o

1. Goal and Scope definition €—
asinnallvansuazaauan

2. Inventory analysis [ 4. Interpretation
n1s9aYinUydsianis > nsudananisAnun

3. Impact assessment [
AsUsstineansznuiaingan >

AT 4 SumpuMTUSHIEULCA
1: Graedel, 1998 [13]

2.3.1 msmmuanglagraun

msfmuatimang: Ussiunansudesfaidounszanuagnislindanunaenininsdinveaiesneufinnes
wioudavnsenistaniiluesdusznouvenaiosnoufinmes Insfiveuiwanisfinwiasouaquituinisldunis
Fagau msldeu lautanisidnein

wihenthivesnsfinw: Amueduiieldduiugudmsuimuanisianiaiudeyaresaisundiuazaisuienn
MnszuuiAne TuanAdeilmhenidiivesn1sfiner (Functional unit: FU) fie in3esneuiiaines wuuslde 1
\30s 190%0157 e 14 13 wiewugUnsalieonds llengnisldeu 3 U

2.3.2 Mgy dsnenis

m3dnvhigy@senssenisifivsiurindeyauiuuasudt (nput) wavaisuieen (Output) VeessUUNGn
(Product  System) MAgadaafiuAwIndeuaInnszuIUNITAIN 9 Asmunl3ludunsunisiuuadmneuas
vouln Fetoyalumsdniiveraidiuauun isliiAnmnugniesuazasuiuresteya Jsdndudedinisiing
nnaoulneliiinsauganauaraunandeny Sreasdeadsil
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- dugaa (Mass balance) Li‘ijﬁﬂmsﬁugmmaqngmiaq%ﬂﬁmami (Law of conservation of mass) 111383
Ligaymeniognyhatsly deunefansiiasaninduassvidiwazeieenegvazivinlsuasinnsuasuuas
Usnaweanaansnelussuuuegislsuanadsaunis (3)

1AM SNSTUY = 1aasfieanannszu + maasiiazanluszuy (3)
AuRaNa ey (Energy balance) Lﬂuﬂﬁug’luﬁumﬂgmiaiﬁﬂﬁwé’mm (Law of conservation of Energy) 184414
lzja’lu’ﬁaa%”m%um"lﬁl,l,a311meﬁav‘iﬂﬁammﬂiﬂiﬁﬁaﬁuwﬁaa’mimﬁy’wm%ﬁmqﬁaﬂmﬁawﬁﬂﬂdwagﬁwLmu'q
Inqdeuilevinfiuyna sumis FsanansniBoulusUvesaunsléfisannis (@)

wiulingszuu = ndnuiioonainszuy + ndsnuiazanlussuy @)
2.3.2.1 mslsndeingivuazndniniesneniinmes

Bufnwiduinsatairgiveonanssaneni wlddungivlunszuiumandndiuuszneuteuaiesaoufinnes
foyatiydsemslutunoutiodenngudeyavesinuszina Tngingivresdulsenouiedosmenfianosisiuay
wn TuiitFejaiiluiingiundn W win eglidion vieswns uagwanadin Husy

2.3.2.2 m3ldau

nsldnuniesneniomes Muunananiumsaifiinanislinuats lnefiasanisinusendy 3 Tuun fe
N5vi9uUng (Active) Msldaunmiinuiinge (Screen sever) uagUanthasusdieduinnuey Iszeziiainisld
91 1,764, 252 wag 4,032 Malusdedmudifunsuilaandsnulwihazanveuniosmeuiinmoinasneignsld
01w 3 Ihunaldiadu 1,185.5 kwh

2.3.2.3 M3AAYIN

Fupounmssndannluthmdmunengnisléonu Tnensiansan 2 nsdl fio nsilnau (Landfil) wazmsSluAagy
Un (Closed loop  recycling) n13dnnisvee Lﬂ'ﬁmﬂaumLmaﬂmsJiJﬂmvaﬂaamLLaﬂaaﬂuwmﬂﬂamwaLmaiﬂau
mniuaggnidiedosun LLaammmmwﬂmaaLawaWﬁaﬂmﬂaimL‘wauﬂfdqummmmqummammalU

2.3.3 msUsziunansEyuAandes

nMaUssiuranseuiuAandonvesssuuRaniue andeyanislininensuaznsuassveadenioasvin
wazvroenildantuneunsiienedtiydsens laenssuundanduuasiuisuifiunanszvuiiindy Tuns
AwIIMANIUSIIANNsUdesfieiseunsyanveman duel Jeyauguniuaztayaisgidegnulatiieglugy
YSinaunisudesiwiseunszan lnenisaaudniuiadenisuaseineiseunsyan (Emission factor: EF) YaeUssLan
Yan WEUTONTFUINITEL waziunilugivesUiinafiSeunssandeviionansinst auaunsi (5)

=2 (A xER,) (5)
1oy E, = YsnaufinaSaunsean x MldeseenunlugUresingmisuaulaeenladiiiousin
(kg CO,~eq)
A = Aanssu i AneliminfwisounsEan
EF,, = Yaden1suassimisounsyan x AAANAINTIY i

ArSun1sAmuINNISUaRYANTS BUNSLANTILAAIINNISAIAFINNAN TN VSINTIHNUAILITNNTS bobAatU @11158
UszllumudnsIniss iLAalneUsunafnos aunsyaniiuassaantuy9n1smMInNEan S kandndaunish (6)

EEol = (].‘RR) Ed (6)
1oy Eeo = ANsUaREAYEaUNTEANTUTINISTANISTINHER U
RR = 803N LoAaTanUseiny (81983A1131NANENTIUNMINATARIUATISUBUNANTUN
VYoINANFUINLWININTUTZEIUA SUBUNRNIWIVD AR 0, 2554) [1]
Eq = AINSUAREMETOUNTEANVDINITIANTVOUABTUGAVINE VDI TAR TN
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2.3.4 nswUsHan1sfine

nsulananisAined ﬁﬂﬁmswﬁmmmqmiammaﬂi“wwia?iamﬁamaamamﬁmaﬁﬂfuq Tnoannsaddnasiule
aemﬁmwummumumi‘wna’L‘wmmwaﬂimumamumaaumﬂwam LLauﬂ’Ji‘Mﬂ’liL‘Ua‘&JmLUmMiEJUi‘U‘UN ﬁmﬁy'uﬂ
Wieviliaandeudty

2.4 nsUszdiunsldndsnunaeningdnstinvesnisstafa (Life Cycle Energy Asassessment of Recycling)
msUszumslindsnunaeningdns®in JWuisnisuszdiunansgnunamsldndanunaeaiginsiinlaedi i
nslindenuluduneusmag Sudusduneulfindstagiunsmannsuudsnsldouuazmatidann Tngazdunis
Anngrinansznulugiiuunsiinsesituiiugiu Sseglusuuuuanniamisadamans Auansdsanudusius
spimslindanusasnindnstinuasuumadimsianisnedesaeuiinned 1wu nmsileda Wuduuanad
aunsi (7)

I_CE = EM + EUSE + I’ER (7)
g LCE = nslindsnunaenininstinveniss luda (MJ)

Eu = nslandsnuluniswds (MJ)

Eue = mstawdsanulunsldenu (M)

Eq = nTINT3LAa xn1stanasnuluniss ladaivl)

3. Han13An® (Results)

3.1 MIUsERIUMITINABLTIADS

naINMsAuTIUTITeLa e ssreuanes il Feusined wa. 2549-2550 9 ndrtinauadAurienndiiu
¢ Vinaeesaesfiumesilinululssmmiudugduogwiadiodunngy andeyadindianunsaussanm
nsmneesfnesfimaiasiniuluewanla Tnseduaunisi (1) lumsussananissinaeuinmes dwiueny
nsldon (ife time) wosnsuinmesiuanmsfnuidoyslunasnuidelatiausegnmsliauiunndrety
sonlulaenuiegmslinuedsvesneuinmesogsening 3-5 U winengmslinuaiwesasuiunesazldaule
Uszanad 8 UitmuusidesnnenuBeuuiasmeanelulad vilireufumesanguldiedmiveniaded Wumsi
foyanislinueonfiunesluefnuusznamsistmunlfnesfinnesuvusddiedorgnisléon (n) whtu 34
MnmsfamUiUiasneesiiamosuuudalfely U w2557 way w.A.2558 adviinamneouiunesuuy
walfy 4,222,281 139auay 5,401,054 LA30IANUAIGU

3.2 maUszanaunisdsunaianslefa
Foyaddyifesdnuiiiovnanlilunmsfuwanazussinumsyiinaianusassintiuifessiusenevvesianuin
seqiiifluieSasneuimesdanmsinwuassiusndeyanuinianiidfyesaiesreniinmesussnausme
wanadn 7.00kg widn 7.82kg agilin0.41kg vesunel.53ke §anzd0.18kg N5¥AN5.50kg 8140.20kg UaTdUY
0.66kg

33 msﬂivmumiﬂaaam%Liaumvaﬂmaammﬂssummmﬂauml,maﬁ
Naﬂ’]iﬂiyLZJ'Llﬂ’]i‘UaE]HﬂW%Li@uﬂivﬁlﬂﬁlaﬁl@’Jgﬁ]ﬂi‘U’JGISUENLﬂiﬁNFﬂmJW’JLG]E]i wansis nmisTn1sUdesineiieu
NILANTNAAY 1,385.55 kg CO-eq dmutumeuiiudosfneiounsyanuiniigniio dunouldan fn1sudesiiadu
665.01kg CO,-eq nioAmTudoray s50vesmsUdosfinedounszaniaun sesasnfedunounmandnnisldunds
WAV UagiInYIN ALY
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ﬂmqnu’mnnuuu'nhzmu‘lwu

malassineFaunsrannasndgdnsiinaTasnouiiuned

Kg CO_-eq

FurfrEeunszan
- 2888¢g8s¢g

- - - - -
ldundsTagfiu uEn Tdnu fdagn Flodagin

A 5 Sununisuaesineseunszanaaendninstinvesaiemeuiaumes

maSeuifisunanisUssiluiwsaunszanveaesesneuiianestunismdngnvessuddeil luvadu 2 nsd fe
nsilenau waznsSlaidauuuguln wudinisndnasesreuimesidveuiummilouiunauwsinislaundaingiu

q
P

UDINT U LLasmiﬁ']%’mmﬂluﬂsﬁim551@ﬂauﬁmiﬂéaaﬁwﬁauﬂsmﬂﬁgﬁu1,365.61kg CO,eq lasding
Uaesinwasveuladesnladuiniianlunisidnenmananduiesas 5043 uaznuiinissledaguindisinig
Udesiaounsyaniviniiu 1,349.84 kg CO,-eq uaznuimsiluidananafininisudesfimiFounsraninniigaia
734.85 kg CO,eq visoAnlusosay 54.44 6‘5@5’0Lﬂmlﬁ'jwmﬁlmﬁagﬂ%ﬁy’u ausaanUsununsUassfingisou
ns¥ANanie 16.77kg CO,-eq AauandlunIniie

myUdesineiaunszanluiuraumsiingIntodRiodRaLTiRe

40%

Uy Seunswan

20%

0%

flanau FluAaguia

i 6 UsnnaunisuaesingisounszanludunoundneIngedAIesnauiines
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3.4 m3lengindanusaenininsinedomouiunes

wamsUszdiumslindanu nendnnsmslindsnunaenindngdin wui dnmslindsnunaeaiinssuiums
Winfu 2,568.39 MJ Gamnrunszurunssledaguiin sstisanmslimdanuuazmsldmineinsannsilsunds
Fanuilofiazldlunszurunsndnduqeluisdmaliinislindsnuanas 880.75 M) ieinsUsendandsnudn
HuSosay 34.92 vomdsuioun duandlunni 7

nslenasaunasniginsiinniawnouiiomes

mw/ 2,568.39

g 2500

e

Z 200

- 1,131.87 1,185.40

€ 1500

c

=

S 1000

3 251.12

o ) Lo
0 /

LCE EM Euse ER

awi 7 nslindsnunaeniginstinvesniesnouiiines

mawisuifisunanmslindarumeanioseufiameinaonindnsdinvesenidfod Iduadu 2 ned fo nslétag
Tyl waens3lenanuuguin nudinsdinisléaglmifnislindanuieau 1,131.87 Mwuhiidngesnimssleda
qulnfinsTdndsauwindu 251.12M) dsuandunini 8 wazidlevihnsiFoufisunusionisian wuinnsdnis
TiTanlmiinslindsnugeanlutannatainden 547.63 M) wagnuinssladagulaiainsldndanuasanly
Fagmoanaviniy 76.27 Misuansluninio

NIlEWANTURAIAININTTIAAI DwnDUTIIADS

-

S
e

Uduneunas liwa aamu
=9
5 8 Bz

3

Trianl HLLE S

= ~ = Y o U o da = a s A Yo ' = a N
AN 8 LUSEJ‘ULVlEJUﬂ']iI’UWﬁ\?\T]UWaaﬂ'JQ"Uﬂi’U?m“IJ@QLﬂiaﬂﬂaNW?mﬂi LN@@Jﬂ'ﬁI‘U')ﬁ@I‘WNLLa%ﬂJﬂ'ﬁ:ﬂ‘ULﬂaQUUﬂ
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ﬂ"ﬁQﬂﬂWM"?iN“ﬁﬂﬂi:l"ﬁ1"H

o e o o = = a
ﬂﬁﬁi‘h’ﬂﬁﬂﬂﬁuiuﬂ"l‘i AR INATDIADAWILRAD T

L WEERn %8R
R (547.63 M) (276.16 M)
. 5Ran FIEILLAS
PR (74.32 M) (76.27 MJ)
05 20% 40% 805 205 100%
Usuaunis Ewasy

awdl 9 Wisuiisunislindsnulunsléfaglmivasiinmsslefaguuesniosneuiinmes

4. afiusema (Discussion)
MnnsfuNmnsUsssfmieunsranuazAnslindanunaenindnstinveaiesneuinosuuudilfe
muno1gn1slFn Inefveuwanisinwaseuaquiaudnsldandsingiu msldnu nsfdaen luauiannsd
lwAaguindu wui dunouiifidnisdesimiieunszanuazAnislindsnuuniigaie funsunisléau
(665.01kg CO-eq uay 1,185.40 MJ) 593a3A0 NM3HAR (561.59%kg CO,eq uaz 1,185.40 MJ) uaziileviinsg
firsanlufunountshidasinveneiesroufinnoinuin nisdidaendaeiinsilafeguia aunsnandinis
Uaeefdeunszanuaranslindsnuldds 16.77 ke CO,1eq way 880.75 MJ muddu Judunaunananudes
Uinadmgiuiasmslindsnuiunnssiuluudasis Tnsdulngiinunainyssansamnsihnuveanelulad i
FedsmarioUiinaingAvuas msuslnandsny 1wy meluladlunmsidasniidradoazshlsinsuslnandenud
anas udlumenssfudanduldtanmeeniesiiluduingiudeuluduneumsndsluufinaiiuinniinaluladi
AMAT

WennnsuUsununisudesfinseunsyanuasnslinduvaaeiosnauitunosuuundlis lnedwunmnusedan

dudnlsznevluduneunssludaguinzdunalad Tannivsunanisudesinadeunszanuaznsldndsay

a

wnfianfis wanadin (734.85 kg CO,eq) Wagvaauas (76.27 MJ) audwiuuandliiiudl mninisidendssian

vosTanfiliduingauldmunzauiudnuvauznisldnudendmalivinnunsudesfitgiounsyanuaznisldndanu
fusnantiosas

frfusnnisimsanludmansenudenndanfeunazmslindunuilinaenginstinveuniosneuiinmeuuy
Ffalfe FedududesmuummidlumsandinsUdesfeFeunszanuazammslindsnuiintulidaanas iy n1s
asumsanlssnuidasniedosneuiimesldunsgiuay WEEE msuiuusamalilaglunszuiumsadnaiie
anmsgdondanuiarannisudesfedounszanoengtuusssinia saluiinseeniuuuasimuFuLUUYe
wasmeufme suuuRfrlidauanoildnuimzantudiaalulagiudmiumuidedlfinausnsidagn
FreBnmsTlafoquln faduwumamiliianmnsodisandinsUdesimiFeunsyanuas amslindanuluduney
nsidamnsielulueuan

(84]



MSUTERININM LA IEUOHNANUNN AN
o 9] oA & o o =
WIPNTIULALNTIANTYAAIMNTINBENEIBU ATIN 2 UszanT 2556

amqaammsmm'ms:mﬁ‘lnn

5. @U@ (Conclusion)

Mnuan1sUszfiunmsUdesiuidounszanuarmslindsnunaenininsdinvennies nuirfinisddesfineeu
nsvanIaY 1,385.55 kg CO,-eq widsddgyiineliAnfmFounszanuiniian e msuslapndeauludunounis
THnuaiesmenfinmes Udesfudeunszanis 665.01 kg CO,eq vioamdudenas 50vesUiunafiedounsean
e uaziinsldndanunaentansyuauns Wiy 2,568.39M) Lmédﬁwﬁmﬁﬁmﬂﬁwé’wmmﬂﬁqﬂ fie Jumeu
msldeuniasnonfinmes fmsldndsaui 1,185.40 MJ videAnfiudosas 46.15v09U5nainsdndeeuiimun
definnsanludwesnmsfidnen mnrunszuunsiludaguin vilvidisannslindanuuaznslinineins
mnmiwvl,mnm’mmLwamﬂﬁi’ﬂmumumimamuﬂ soluFsdwmaludinsldnassuanas 880.75 MJ wsedin1s
Usendandeouaniludesas 34.92 vommduiemun fatunisanUsinafgdeunszanuaznisidndsay
maammﬂsmmﬂuaqLﬂiamaumLmaimﬂﬂwﬂmmmsaqﬂaummasmmsmLuulﬂwmsammsiﬂuwamumwamu
Iwilumsldnunazasimaiauazyfuussmaluladlunsidnenviedenlduumismsmdaiifuiingdu
daunndeusg1insiludaguiln duhasndulssfuiitimsdaasudeluluowan
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Thermal Energy Management in Production of Frozen Green Soy Bean
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veasielothieisnsanySunmenniadiuiu (ExcessAin AldlunsunlwsildmansaulneUSusnsday
omasaomdwamiieletas S’Z’fw‘iﬂﬁammsqzyl,?mﬂ’%mmmm%’aulﬂﬁuﬁ”w%au‘ﬁmlé’ 1Aya1u130
Usendadamas (tnsfueinse ©) e 8,1778m5/V w%aﬁmi‘]u;ﬂaﬁh 204,436U17/UKaY (1) aAAINAUYDY
nstelethanudieledhneuniniluldoy S?iamﬂ:ﬁmswamiaﬁwﬁmmé’ugaﬂdmwﬁ'ﬁamwﬂs&’f&mﬁlwﬁa
anunfulih iR nugyUawesnsldidemas

AdAsy (Keyword): Tot, n159an1swasanu, Haussuauds

Abstract

Energy management in industries can reduce production costs efficiently. Frozen soybean
production uses a lot of steam for a blanching before a freezing. This research aimed to
manage the heat energy in the production process of the frozen soybean. The preliminary
study and cost analysis of the process of heat production in the frozen soybean industry were
performed to determine the efficiency of the boiler system and to find the ways to reduce the
energy waste of the steam production. The boiler efficiency was calculated from measured
data, such as flue gas temperature, amount of steam, amount of oxygen gas and fuel
consumption. Two boilers were used to generate the steam which had capacity of 2.2 and 3.3
tons/hour, then find the ways to manage energy of steam production; (a) to improve the
combustion efficiency of the boiler by reducing the amount of excess air that used to combust
properly. Reducing the ratio of air to fuel decreased heat loss that left with the flue gas. The
fuel oil grade C can be saved 8,177 liters/year, or the amount of 204,436 baht. And (b) to
reduce a supply steam pressure from the boiler before distribution. If the pressure of supply
steam was higher than the amount that was required in the blancher causing fuel lost.

*
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2. 75938 (Research Methodology)
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Abstract

The objective of this research is to propose guidelines for developing the hydro energy
application in Mae-Klang watershed community. The methodology is composed of a
combination of qualitative and quantitative research and there are 3 stages of the research
process, including data collection, data analysis, and guidelines analysis.

1 a v a s a v A '
FIYIAINTIUNANTY AMFIAINTTUANENT UnTInendeTodlng 50200
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The data were collected by using questionnaires with 156 households, formal observations,
community activity involvements, an in-depth interview with community leaders, local
energy committees, and head of local irrigation, which are altogether 13 interviewees. In
addition, the secondary data were studied. The data were, then, grouped and analyzed by
using SWOT analysis and SWOT Matrix technique. The results of analysis were as follow.
Its strength was the high potential of hydro energy in rainy season. Its weakness was the
insufficient capacity of energy and the investment cost. Its opportunity was the supporting
from relevant sectors. Its threat was the amount of water in dry season, the knowledge and
understanding of local people, and the lack of continuously supported and development. In
addition, the guidelines were proposed as follow. The community is recommended to reduce
the energy costs and increase energy self-reliance by using the hydro energy, to integrates
hydro energy into watershed management, to encourage the hydro energy research
development, to create a local energy team for coordination, evaluation, monitoring and
maintenance, to increase the capacity of hydropower, to improve the efficiency of the
existing equipment, to study the feasibility of project and to create the project participation of
all relevant sectors.
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A design and construct Germinated Brown Rice stove for Energy saving
Inddna Qﬂ%‘l,fla\‘ll*, 5UINT AATAUNETES
WnAnwUSyanlniernssumdsny Auglmnssuaand inivendeveuniu
gnolles Jaminvaunny 40002jittisak@energy.mail.go.th
2919150 TUASeINE AnEIFINTIUAARNS U INeTdeveuLiY
Sunoiles Jminvaunnu 40002 tanwon3@gmail.com

UNAnED

msfnwAfeiiiteniseenuuy afamdnadmiuiinndessenuuulnl Wisudsufundanauuy
fadu Taonseenuuulilianumngaunaraonadastumslinuiiagtu uasshmavaaeumuszansam
Beaudeurenafa 2 uuu nseenuuuiailuel Wunaiudufinisdemanufeuveanivuy Taglsl
Wasuwasnvug mnufeuanmasnlniliegmelummnudign noulnasenydosniu uazaiunndy
wils 24U nanfe milsiuludesedsnulil drundstunendededsuen wazseninsnidldunaudiiu
awufunufeu nmsvagouwnlnglids Water Boiling Test T¥lifgamausadudomadunimaaey
wuwaoenuuulyaiiiuseAnsnimwinty 20.50% Senfisitu 5.87% lnefenuuudad fUssansnm
Wi 16.72% annsaudeademaasiniu 2.06 ke/batch Ussndaalddnadomanviniu 4,934 uin/d
nsasuneasIae ity 8,290 um wavliszezann1sAunu 1.68 U aunsaannisuandass CO,a1N
nszaum s lnfiToimaaviniy 10,222 keCO,/A)

ANFNAY:LANTINIR; NTUTENTANEIY; T1INAD9RN

ABSTRACT

A steaming biomass stove for germinated brown rice which is a community well-known
product was designed and constructed in order to increase the thermal efficiency of the
traditional biomass stove. Thermal efficiency of the new designed stove was determined and
compared with the existing stove by water boiling test using Eucalyptus wood as a fuel. The
stove wall was a double wall filling with rice husk as an insulator inside the gap. The result
showed that the thermal efficiency of the existing stove was 14.72% while the new stove
efficiency was 20.59%. The fuel consumption was decreased 5.87% (2.06 kg/batch) leading
to fuel cost saving of 4,934 bath/year. For economic aspect, as the new designed stove has a
capital cost of 8,290 bath investment, giving a payback period of 1.68year. The saving of
wood fuel resulted in reduction of CO,emission of 10,222kgCO,/year.

Keywords: Biomass stove; Energy saving; Germinated brown rice
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Abstract

In this study, build a Thai sail windmill can rotate at the local Thai's low-speed wind. The
research has studied the potential of windmill used on low speed. The variables that affect the
installation of windmill in the low wind speed. The experiment test of windmill model 1.0
meters diameter in the laboratory and prototype of the windmill 8.0 meters diameter test the
reciprocating pump for water pumping, test the washing machine generator for generating
electricity. The output of the experiments recommenced for development of the next Thai sail
windmill for water pumping and electricity as well in low wind speed.

Key words: Windmill; Thai sail windmill; low wind speed; water
pumping; generating electricity
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A study of the Effect of Zinc oxide to Superhydrophilic Property of Mixed oxide

film
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wasasiidusanleflanenaniiifsdoonlefifuosdusznoviidussanndosar 97 Fariiiasesldisiniy
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Abstract

The objective of this work is to study the effect of Zinc oxide (ZnO) to superhydrophilic
property of titanium dioxide (TiO,) and silica (SiO;) mixed oxide film. Sol gel method was
used for preparation of metal oxide solution and the obtained solution was deposited on glass
slides by dip coating technique to form mixed oxide films. The parameter studied in this work
was the content of zinc oxide: 3%, 5%, 7% and 10% by weight. The mixed oxide films were
characterized for their transmittances. The results showed that % transmittance of mixed
oxide films with various amounts of TiO, and ZnO was about 97% which was lower than the
% transmittance of a glass slide (without films). This result was simply implied that the
presence of mixed oxide films slightly affected to its transmittance. Then, the mixed oxide
films were exposed to visible light for 5 hrs in order to enhance superhydrophilic property.
After the enhancement, the films were separately kept in a black box and a controlled relative
humidity at 85% black box. It was found that only the 10%2Zn0O/10%TiO,/SiO; film could

WNSAY YN
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show superhydrophilic property after the enhancement by visible light. The film kept in a
black box has showed superhydrophilicity for one day while the film kept in a controlled
relative humidity black box has maintained the superhydrophilicity for 3 days.

Adaey: Ndulavgeenlydnay; Inuillenlaoanled; Gedeanled; 3an; Bluales; Auaudilelasiian
NPl

1. Ui (Introduction)
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LYY

ihiufesiidutionnd 5 e Aduilldaunsonmnmldluifaduszesnm 1 fu ndmndupduiavomen
it 2] asduldhiiduunsiifiesdusznaulnndeslaeenlodegraierazasaianilelasiiandseinlily
svezadudy wiidlefinmaiiulanzoonledduy iiud gy liiiduunsnsnuaniilelnsianlfuniu fadu
MiAsnsndeuiiduunsieBnsiuedeu wuiiiduusifiesdusenevlmmidenlaoenladfoas 60 wazdd
m3evay 40 nglua egnnsedusisuasdansilalotan (UV) WWunan ¢ $alue tvludifle Teyuduiasening
veahfuinfidutionndn 5 e wagasanmlduiundt 1 fu (3] fudfdulnnidenlaeenled/Aanazuans
Auautilelasfidndesnldunidu widesodondiunszduanuassanlloanddiogifivsosay 5 1y
waworiind [0 esnansinmienlaeonlasiidivesinandanu Band Gap Energy) oeffiuszunm 3.2
Bidnasoulaad (V) [1] naddednmmawdsuiiduundanzoonlalasitleaien wasiafouuuiiuinazan
wuihildulavzeenlednauszninabnmdelasenleduasdeioonls Trrdesimdsnuanas lnedaussunm
2.71-2.97 eV [5] Fafianaundululein ndanuainuaeiindifsmotiornszduilduliinguantfvouthegs
Bagaeldt defulumideiifunsinwiagounssandelanzesnledussnousslnmidenlaoenled 3an uasd
sfmanlen wiouarsararelagIsleaiaa (Sol Gel Method) uazindauilduuuuisqaaiou (Dip Coating) lngfnw1
naanMaFNTsdeenledlutiinuiimnzandivinIfiiduunaansnuauilelasidndaennls egnnsedusie

Waeing uarnansenuvesnuuduinsrenuaudilelasidndseinveildy

2. 75999 (Research Methodology)

2.1 MsAsENENTazanY

ansdildlunsnieuasazanslngSleaina toun lnwilen (V) Telglnswsenles (Titanium (V) Isopropoxide),
WINATYIaTia 00lndawnm (Tetraethyl Orthosilicate), FsAlutasmenazlawmsn (Zn(NO,),.6H,0), Len1usa
(Ethanol) waznsalun3n (Nitric Acid) Ssseazidesvadislvanalunisniouasazarailusall ansnaduuszuam
Tavedanenledviugizentuiilneufisolslnsledaegluguneaasediiiondt Tea (ol sniudunsalusinlu
Usinaufinzaudiefiaglfansavaneddnuarla wazniuansazanedunan 30 wil
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2.2 nsiageuldaw

thansaganefinouldtusuitduuunszandladlngIsnistuadou (Dip Coating) warrhnsaauawdns s alunisty
\wAouvesansavans 50 fadmsdeund Mintuhfdulunlneiugumgiiesnsdnquszana 3 ssiwaiduade
it aunsevtsligamad 450 ssmeadea uazislfifunan 2 $alug

2.3 MTAATIRVAIMTHBINULEIVRITAY
Hsulanzeonlernauszminlnnllonlaeanled 38n warddeanladazgninszianulaiienios UV-Vis

Spectrophotometer

2.4 nsnagauananlflalasilangeinvasildy

iildulanzoenleinauseningnndoulaeanlen 8801 wasdedeenledluinAyuduiandagnnszdusae
a g o & oA A L o oo o« . . v <

wasenfindidunian 5 il ntuivlundesdiafinruauanududuing (Relative Humidity) Seuae 85 wawtiulu

naslianliliniunuauTy Ineuiasynn1sNAaeeaz NI InANENRAN AL MAWANATSTY 3 Aumisuy

A

3. NaN15398 (Results)

3.1 anulavasiau

Al 1 wansAnSosasnIsdesiuLal (%T) vasnszanilauaznszanadeuiisulmindelneanleduasddni 7
Tnugedeanladiosay 3. 5. 7 way 10 Iagthwiin augidu A9 Visible Light (380 — 700 wilwans) aguidu
MaLARAosarNIde LAY MuUTINuasTeguuTdulFnuned 1
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A 1 uansrndesarnsdesiunas (%T) vesiidulniniiledlneanlefuazdan favdsdeonleriiusunaeieg
(a) Nszanan, (b) 25%Ti0,/3%Zn0/SI0,, (<) 21%TiO,/5%Zn0/SIO,, (d) 16%TiO,/7%Zn0/SIO, uas
(e) 10%Ti0,/10%Zn0/Si0,
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PN 1 harmns19i 1 wanersagarnsdesnulasvaiaulansoanlennay nuinnsyanaiilaisesaznns
doanunad (%T) Uszunae 99.5 wasiilelaudsdeanlamasuuidulnmiionlneanlen/Fan nuinusunauesdde
anlaafigniauiesay 3 uay 5 laguwiln ililaudASesavnisdesituiasanaulousuadafeonlenuiniu

a

§lal 98.0 way 97.5 wrannisiaudereantemiiulusovay 7 waz 10 aervidn ludvilviduiianisdeeinuuas

anasbumninseway 97.5

A5197 1 wansenderaznisaasituLas (%T) Yaanszanan waznsyanedauiaulnmieulaeanlanuazddn
Mgnlauiefdeanles 1939 Visible Light (380 - 700 urluiuns)

#19 Transmittance (%T)
nszaniUan 99.5
259%Ti0,/3%Zn0/SIO, 98.0
219%Ti0,/5%Zn0/SIO, 97.5
16%Ti0,/7%Zn0/SiO, 97.5
10%TiO,/10%Zn0/SiO, 97.5

Fesinadsdeanlasdosay 3 lnsidn fendosarnsdesiuuannniigafie 98.0 wariiviinadsoonladses
av 5, 7 uay 10 Tngvuiin ﬁﬂ'ﬁaEJazmiziaamuLLaqamaanjﬁ 97.5 WeRsananulavesiidy Tnevluildudes
fienSevaznmsdosiunacssana 85 7iT19rnueIrausEnIng 380 — 700 wluwns dadunasiianuisouosdiu
IFenemandsdornduiiduditanula

3.2 pruantalalasiangeinvasilay
N7 2 (n) yududaserinmeatdunszanalanilufinsiedeuiauliayududaUssana 38 a3
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AT 2 uansnmdnYEYBIMEAMIULLIUNTZANANSY wazAyuduiaves (n) nszanivan Tenuududausyan 38
83p1 NIzANAFEUTEY wdgnnszduiieuasending Wurian 5 Falus (u) 25%TiO,/3%ZNn0/SI0, (A)
219%Ti0,/5%Zn0/SI0, (1) 16%Ti0,/7%ZNn0/SI0, Wag (3) 10%Ti0,/10%ZNn0/SiO,

dwsuiidulnnillenlneanled/dan Maudeesnledsesas 3, 5 uaz 7 Inedmidn audiiu ndsgnnsziusiie

a ¢ o = oA v o o w ]
e fing  Aennd 2 (@), (R) waz () wudnddmududadszana 31, 31 waz 18 991 AUAINULERAIIN
nsvanalanan wasildulavgeenlydnauiiryuduiavemeninussanm 20-40 09 HuRouaninuautflalasi
Un (Hydrophobic) 1Jupuautailiseuin lnsirasinzuuiiuiivesnssanduven wildefidu lnnidey
¢ aa i a ¢ cv 3 o P v o H & A Al
Lnoanla/adnn flavdsdeenleddouas 10 laerdmiin aefidnudufavomeninUszuna 4-5 owmn tufeiidy
wamsnauantAlalasiidndean (Superhydrophilic) Lﬂuﬂmamummaumammm Trgnhaglddnamaduneauu
n3van usitzuinszaeeenduiiduune Unagquituitedisainaneviafiuia Ssordunisvinuesnszuaunis
lelasilandeean [3,6] wansiduilaonndasiuaifores CM. Firdaus wagamy (2012) AldAnwuieaiunig
wisuiidulavzoonladuausswindlnndeulasenled/dsreonles Famuifiduudiidorimdsnuanas
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TodflAUseana 2.71-2.97 eV dudeiiduanunsaiinnuantlalasiidndesinls Weldsundanunszduain
wasefind uenaniundreideilldnarinaaduduivsiinansenuse auauiRlelnsilangean deduludan
soludandunsfnwguaniflelnsitantwmesiidulnmidenlasenled/Aan Alavdsdoonlediosas 10 Tne
i dudatuuasefingiduinan 5 dalus anduihiiduilifvlundesdiafinuauaududuivg (Relative
Hurmidity) 3owas 85 wazifulundesdinililldmuauenudu WeAnvinansenuresmutuduimssonaauda
lelnsflAnBeennvasiidy nan1sideuansionind 3 fall
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szazal (34)

o

—o—mmummwau ‘VI ’EJEJ'G’I“’ 85

W v X o o ¢
lu'ldauauanuruduing
Ml 3 wanansiasuwlasAyudulavesildy 10%Ti0,/Si0, Maudreenlensosay 10 neuntin Audiuu
flufiunan vdsdudatuwasendindidunan 5 $ilus uaviAuliluiie

A 3 uansrduiEvemenivesiidu 100TI0,/Si0, Mlaudsdeenludsosas 10 Tnguwiin Wognifiuly
Tufifiavdsannisdudatuuasorfingifunm 5 99l st fduildiulilundesdnfimuauaududusing
Jovay 85 uaz Lﬁuia'ﬂa'aqﬁmﬁlﬂiﬁmummm%u wuIlau 10%Ti0,/10%ZNn0/Si0, ﬁLﬁUi’ﬂuﬂéaaﬁmﬁmUﬂu
Arutudiivsannsauansnuautilelnsiianten (Superhydrophilic) o & fafenyudusiavomontinogseming
4-5 93 mﬂwamumwﬂiumaaaﬂLUuWammm Ui LLavmmmmamwmmauumulmﬂﬁumm 3 Fuud
dsuiiduiiiulilundosdiaiildldmuguarnududiivsansonansanaudilelasianteanldssana 1 3

4. andusiewa (Discussion)

4.1 mslavdsAeanlandeas 3, 5, 7 way 10 Inetnwiin asuuiidulnmidloulaeenles/@an fardesaznnsdes
iunasnniniduiile wanslsuilaudsdeenladsuulnmdenlaeanles/@ann  Juiianule wasiile
Wisuilsufunszanilan fandosaznisdeaniunas 99.5 FsunniilsuilaUderoonlssasluosssann 2
Wosdus wansifidudifinnslaudedennlonuulnmilenlasenles/danes lidmanariaula

4.2 F8u 10%Ti0,/Si0, Mavdfoanlasiosas 10 Inethnin annsauaninuandilelasiiandeenldiloduria
funasenfing onvasdunsiznsiiaiussvedansiinedatuseninglnsdenfudned (Tizn) vldsuiian

WOUNEINULAYAY AslunalnnsiinauantalelasiangeinuuiuiiRweIn1TnaInunsERunaIa [5]
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5. @3Uiua (Conclusion)
5.1 YSunaudadeanlasamavasuulnmdeylnesnles/adn lidwmaseaianulavesiidy

5.2 Uadeniinadenisiinnuautnlalasildndeiniinseduiewaioninduunuiiveidulans oanlynnansening
Haulnmtlenlasonled/Aan wazdedeanladtu toun YSinavesdrosnledmivacly uaziesifuiniuiy
duning

5.3 Waw 109%TiO/SiO, Mavdsreanlensasas 10 neumin ndsngnnszdumeunaiefindidual 5 dalus
wazdlawiulilunaeafiafinrupuaududuinsSesas 85 anunsamsanmanululelasildngseanladszuia 3 fu

6. inANTTUUTZNA
MmATelaTumMsatuayuuidean wninedeysm dyyiavn se/eeds waglasuanueunsgitunisld
’AJ C

s TRAYNANAAIN HUeA1a0519158 A9.05uAT INnetud uazas.efnT YsUIA ardnAEnd Ay
WIAIENS UNTINEIFEYTN
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ANsnnassngeneanlannaiauuukEun Ul
nNsdasdanadnsazalydnaiwasaLUUaUIRY
Utilizing Zinc Oxide Coated on Glass Plate

in Decomposing Blue Disperse Dye Solution
aansal gutedla’, aguud vedTaniaed, wedss guznild
AAITIAINTIHAL AEIAINTTUAIERNS UNINYIUSIINAENS
99 31,18 7.ARDINTY B.ARDINAI 3.Uvusnil 12121

UNANED

a7 1NITN15UHIR RN bRl AINaINNTalUNNSER8ERNYANTAYANEVRIATRUNIAIBNTEUIUNNS

'
a

Tlaunnanladalnglduasonfindluldldlnoazan 1udseildnaasniniddoonlsafidueluieinain
(HAMA0UYT White Seal v83u3vlng-lasm $1im) lUindevasuuiiufvesurudansduaswiunds Tnoily
vunsdildvnaasdddupadounsvaiunsaruiladuiiuszautiglunsedousie annanisvnaesiils
wuhmsedeunsdsdeenladasluuuituinvesurunilngliuradounivewndusausvanutilinag nns
wdoufinnininiadeuuuudug fiianvanvemsdsdoanledooninanituiivesnsiadeulddhendy
wiuufiignindeusnedsdeenledlagldunaidenmsveiuniusiszaualdgmirluldlunsmaaesy ns
dovaauansaratsvesdramefauuuihiudaduddeuinulanilsiignldeglugnamnssmiiodiases
Usvansawlunisdesaaenasnauanununulunisiadou fnuintlunisiedeudadesnleddunsly
unaldauaualundsuTinalasdminhfuiuisdesnledlinanisdesanoansaransddouiniiian
Tneluniseesaansansavareddeniniusinusiuvesdseanlesnanuunsuniadafunsaurmis uas
dognihlulflumsdosaaeudidedoonludnanuuuruuiivinanasssansamlunsdosaas dou
ffianasdes 9

AAAgY: Fareanlys; wNuwA; WAATENANTUBLLR; Adourn; Lase1iing

Abstract

To find a way of utilizing ZnO powders capable of decomposing dye solution by
photocatalytic process using sunlight, in this work we tried to coat commercial ZnO (White
Seal of Thai-Lysaght Co. Ltd.) on Zn plates and glass plates with and without CaCO3 and
flour as binders. From the experimental results, it was found that coating of ZnO onto a glass
plate using CaCOg as a binder gave better coating result than other coatings which had their
ZnO powders fall out of their coating surfaces more easily. Glass plates coated by ZnO using
CaCO3 as a binder were then used in decomposing aqueous solution of blue disperse dye
which is one of dyes really used in industries. The dye-decomposing performance and the
durability to use of these ZnO-coated glass plates were investigated. It was found that the
best dye-decomposing performance of ZnO-coated glass plate was obtained when CaCOj3
with the same weight of ZnO was used as a binder. Moreover, there was an optimum value
for the total amount of ZnO-CaCO3; mixture on a glass plate.

Aansal Gutesla
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It was found also that after being used in dye-decomposition, ZnO-CaCO3; mixture on a glass
plate had their weight and their dye-decomposing performance decreased gradually.

Key word: ZnO; glass plate; CaCOg. dye; sunlight

1. umi1 (Introduction)

Tuilagtuuszmalnefinsfauinazdanuimimeiugramnssulunatsfuegeieiios Fesamds
gnamnssudmeiinisldddendndudwuinndie esanddeudussiandneg fansuszneudunisidy
oadUsznoundn dafudniidefiintunlunssuiumandngnudeseenugyumulaglildsunsvidaudiadeud

fazazaevisenszaeiiluunasiuaznebitinuaiivnaiduls mewsiindsainisanugramnssundinigly
ddaurnIsdealisunmsdnnisegamuvauneuiazgnudssoenunguuwy

Tunsthtnidennlsauidnisldadeninty dideazgnintalaegdunid ednlsf eannddesiniiileglu
ihideduiiogdnnumnuarliaunsagnindaluldfomn dafureufivzannsoddestiiiunistringegadunis
oonludmpmuldfazdesdinsliddeuiniidmaundoagnigluiidennmenouamidonou Adousiignanaznou
aunilufigafaznaneidunnagneudilssmuasilumdanienmatanisliiAausslowitundely Taansi
nangnouluhiniufaunsanssildidudenstinaudoniamnis duwnistegneuludanislifnusslon
Jusndufannsanssildiuionahluiiduiusatouniensilundrlildiednmiun Wusy ogrlsh
7 flesnnluthgtuisnmninzneuludansliiAausslovitunvan S6elduumaiidaauiin nsweesan
audituresdorfnegluhfisnlssnulifininagnoundeinainssuuisatidedesfignifiefiag |l
msglumsmhidnnninhezdunadendia

nszvaunstnlawanailada unszuiunisdesaaisarsdunidlaelduaserfinduazldoonlenveslanzigu
Fedoonladduiuisfiten (1] vhidunguidevenslfiZumasesdaaneidsdesnles tulneifaguszasd
fagldindedsdeenlediidussdvsamgdlumstinansazaisvesddondn 2] egnalsfd auislagiuAdadmany
TmnansadaasigitedesnlefUsyAnsnmgsdunnlduds awannsnthdsdeonleddulIfluntsvidminge
nlssugramnsauaialdesndls lumiddeiisldvaneshdsdoonlediidneegluesmainunadovasuu
uudsnzAuazuruuta ileAnwdsumannidsdesnlsdlulflunsiddideasetely

2. 15999 (Research Methodology)
2.1 mandouTadeanien
livnaenihdsreenlenniuigluviowman (Gasdudt White Seal aldsuanueuasiziunustm tne-lagmn

o

911n) wadeuasuukduiaguuy Feluntsnaaesliidenldurudingd uazunuuia@uiuandunini 1) lngld
BaswdeusvuigInuildlunisudaurunaaeulunsiesiennedssukasiasunlans i (TLO) nanAenis

v
o o

wasuilisulnensihdsreenlanusunaisiivun (@ 2 ¢) unauiuihUSinumnzauliiiavewaunisnwuzdu

1
=1

YomEnwTlety (@a03) Tunn ndenntuitwessaumdsduiunarunaslUuuikudneduunn 2 cm x 4 cm
PIOUNULAIIUIA 1.5 cm x 4 cm. LLéJ?ﬁljﬂLLE\iuﬁdﬂz?{LLazLLBjULLﬁ’JﬁJUVLﬂE]ULLﬁQﬁQmMQﬁ 120 °C wiu 1 Ay Taed
Tunsindeuiildnaasaadoulnefiniswauwraidounsveiunvdoudsildidusiussarudluludunounisi
vowmandadugie uazuenanidslaiinsneassludsudnaiunisnanssninedeieonlefuariussay

AADAIUUSUIUTILVBIENTNAUTENINITIR BN R LaLFUsT AU T UNSAFB UMY
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2N 1 wHudansnazuaunmniglunisinlundsudsreenlon

2.2 msih@ereanlanianadsululdlunisdevaaeansaranevesddoudn

Y
I3

IndusuTaguuuiiiigedeenlengnindevedlulilumstevansansazangvesddondn Tneddeuildlunmmaass

v '
oo a =

Iunddame fauvuiiiudaduddondaianieiignldnusieglugramnssy (Wiuanuowasizsianuion
fifluon gramnszy 910 dmsvawmiidenldERanesauuuithiulumamnaestiu Wumsizan wamsvaaes
fiaeldn (2] wuirluussaddesdmansalinflldlunismaaesiu RamefauwuuaiiGuannsn gndesaaslden
fign dafumndsdoonlefliannsndesanedfamesauuuiinGuldfiufiarausadosaats deuinuuudu 4
afgae

lummedeumsgesaaeansaraevesddeudniulihdnamefauuuiidulvazared il daududu 0.2 M
wdrhansazanesanandiu 200 ml ldadluludnines uddemauruianifidsdesnlesgnindevegiazldlunis
nasosadly uaithfnnesiuludlinawnnun 6 Fluadelvidedeenlediigniadovogidiufizsnisdos
aaneddeudilngldnsruiunsinlawannladalnelduaseniingiinty Ysunavesdfouinmeluszuuarldres 1
antovadasiiituvesszuuiires 4 asauiey q dae il msLU%'EJ‘ULﬁauﬂszﬁm%mwmaq%qﬁaaﬂlsuoﬁﬁgmﬂﬁau
ouuuiuTaniiaulafulssaninmuesisdeanlediignindeveg uuuiutaniadu q duldsuiumsvaasdaens
ihisdeenlesiamaeiiiedosiuimaseuussansanlunsdosaaeddeudmiontu iWofinnzlunismaaes
s 1 axldvdlouty agldnsulfednudaritanuunnidlunansneaesitldduiianmmnaneuuanssfulu
fedoonludrigniadeveguuisiuadou lWildflaummunananzililunsmaaos

2.3 mylaneiuseansnmlunisdesamemsazansddeninvesdeioanlan
UsvAvsamilunsdesameasavatsddeninesiadesnlediaaeildlunmaaesiuinanmaidsululuen
TofuazAnsganduuamesasazansddouinnousasvdinsgndesaaslasdsdoonladiu meisendlofuay
Ansgandukasinsiiuafiasioufsunmvosansdunidnisluaisiogns uaznisanadludsansiivag
asazaneddouinfdonannsaliidusvilumsnsisasuiddendldgndesaansluudunntenfivdals ails
\dHosnasduvisimniidogluasietsazdsaronlon Tuvasflasdunisiiduiduiiazdmaroninis
aandunas uagldinenaunudaitlunmegounisdesaaeansasanvesddeninty Sammadsuuadluen
Flofvzddrdosnindnsinisddsuutasludinisgandunanaus (2 Fefulunuidedisliauladng
nawdsuutasludisans udaqiiissauaenadoatulumsanasntiosvesdisaoadundn eils A1n1sgandy
wastuTnlngldindes UV-Vis spectrophotometer $1 UV1201 999U39% SHIMADZU uazldaanueninau 600
wluans lumsvagey ngldaensuaudrifieruemeduiasarasdfane fawuuiiGuansagan du
wadlsnniign [2]
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2.4 msUszdiumnunumusienslinuuesdsdoonlusdiigniadeusguuusiuu
LLN'uLLf"hLﬂé"au%aﬁaaﬂlsuﬁﬁié'gﬂﬁﬁ"L‘lﬂ%’wmaauﬂﬁzaw%mwlumi&ia&JamaaﬁazmEJ?IéTamﬁmmé’a Wavaneu
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Abstract

This research presents the development of the infrared machine. The objective is to obtain
optimization in the machine operation in disinfestations of Organic Khao Dawk Mali rice.
Three parameters studied were temperature, radiation time and thickness or rice layer on
moving belt. The experiment was designed using the Box Behnken Design with 15
experiments and 2 repeats. It was found that the optimal condition in heating of rice within
100 centimeter of conveyer belt was the temperature of infrared wave of 75°C, the rice
thickness on the belt was 1.5 centimeter height between the infrared bults and rice was 10
centimeter. This optimal parameters was 100% effective in disinfestations of rice weevils in
1 minute and 30 second of radiation. After radiation, rice was found not cracked due to the
heat of radiation. The physical qualities of rice remain within the standard value. For
chemical quality, it was found that after radiation amount of protein, fat, carbohydrate, fiber
and ashes were also within the standard value. The quality of cooked rice after radiation was
found that the amount of amylose was slightly increased. The Gel consistency rice was in the
soft level and the elongation ratio and the aromatic of cooked rice remain unchanged. The
efficiency of the infrared machine was 300 kg of milled rice per hour.

ANEATY (Key word): N1508NKUUNISVIAGDY; LATOWIESIEDUNTIIA; N15ANWIAMATNTT?

1. AnudAguaziinnvasiiym (Introduction)
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2. 95938 (Research Methodology)

2.1 Mmafiusiusaadaya

Guannmaifunusadeya dunwaifszneumslssddn evdeyaunlflunseenuuuiniesansaddunsusa
Gonldiedewmesddunsusadierdnuuadludnens ﬁ;ﬁ%’aaammuuazﬁ@uuvﬁu Taum 0.60 x 2.1 x 1.5 LUAT
Aadaviaan FuNTLIA TUN 1,000 798 U 2 aDA NMNUASLYLINVDINABANUTINEANT 10 LWURLUMT N
USudna3es munsed 1 Tnedniiunisaiededaylnanussuvaeniudidsslvaasssuunzunsadanen
Frasuazulamsefnddnrlnaansessuiidawionls dnildneasaiudnuvenusdanlsaddnmms
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a191U 190U Aszaulaly

ASNAAae ASaY Temp () Thickness (cm.)  Time (min.) Percentage (%)
1 16 65 1 1.30 17

2 9 75 1 1 90

29 29 75 1.5 1.30 100

30 q 85 2 1.30 97.5

2.3 nsnnasstudunalunisusanusimunzanlunisnidnly, anud wazdfudevaesnieedsludilaiswas
d19ndas
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5. Uapaiagneanisnaass 14, fAnue waziifudsvesies ludnaisuun 1 wuiuns 30 Jadluns fuseuy
anenuddss Tnsrussuunsanedddunsusadierdauiadludniasuazdnindes (mndi 5)
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6. LAUAIDE19LY, Fnue LardfuTavassiearataludnaseardindss Anunisanesdiiulundas
I a v a
Polypropylene (PP) 11z inulilugamgiivies (il 6)

1992997299712

AN 1 wSeutans / 7l (esd)

a a s

= v I s
AINN 4 ‘lJTUGNQWWQlI / YABULIDILNDT

3
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Ml 5 Yaeefeginveaes 19, dnud uwazdafuly Aussylunaesiiussuvaenuadosionsad

AN 6 UFaEelY, AN Lar R EvDIA199999717

2.4 nmsAneRunIndIneuLAzraRIeSiEBuNIILIA

2.4.1 ApNNN1NIEATN (Physical Quality) 19U twilnidn YuagUsILdn AUEIVeITIaNs waznsuanin
< v

Wunu

2.4.2 Auamvnaiadl (Chemical Quality) udnuarasdusznaumaniinigluwdadn WWud ansdulusiulatu
Bole 1 uazarslulownsn (Judu auaudfivarfsdnadenmnimveiuvesdinduiu auaiwdgad
ehmhzﬂa‘umamﬁﬁLﬂuﬂaﬁaﬂswuda@mmwmﬁu (Cooking Quality) ¥38Amn1MN15USLAA (Eating Quality)
lau Ysuueiilaa (Amylose) auasdivesudegn (Gel Consistency) gaungiutegn (Gelatinization
Temperature) N38nfvesudnd1agn (Elongation Ratio) wagznauven (Aroma) IngtluiIsuiiisuiuen
LINTFIUVRINTUNITUT [2] NsuNsAFeUseina (2547)

3. HAN15398 (Results)

3.1 wannseenuUUNIMIRaes nuin sedudriadelunisidauuadludiigs Avmizay fe gumgd 75 semm
WwalByd ANNVLIYEITIANT 1.5 wuiluns 13a1lun1snanaaeaistnl 1 uii 30 Ui sregnienisaneded 100
WUALIAT ANUAAIINEIYRIMARAYIAAIUTIENTI0 uRlInAT ansntsannutuanadld wariidnunadusde
Fmanslél fevay 100 Insfinanminlifnnsdene

3.2 msnaassdudunalunsmiusimanzanlunisidnly, fnus wazdifiuTevesiandudings wazdn
ndos wud1 Aisefugnmgil 75 ssmuealdua Arwmuivesdngs 1.5 wufwes natlunsiidadiensdn 1
U9 30 TN LA TEUENIIMAABUALSIE 100 LUURLUAT MUUATTEZUISVDINADANUT1IAIT 10 [WURLLAT WU
#11150A90 A29933917 (Rice Weevil) lanasosay 100
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3.3 NMsAnwIAMAMTINEULaENARIeTETUNT LI

3.3.1 NMSANIAUAINTIININIEAN

1. e (Grain Weight) {ideidenldihminudauseiiiu Tnensdaimdnde 100 wia/ads davinis
Fodwminsuu 3 ade

AN5197 2 NsTarlnAnTaEns

Yruin (nS) YIRUNSIU winiade
31UNIT 4 s 4 s 4 o o
ASIN 1 ASIN 2 ASIN 3 (GEY) (nsu)
YIEIsnauRIesEd@  1.91 1.90 1.89 570/3 1.90
YIESVARILSIET  1.90 1.89 1.88 567/3 1.89
ﬂ’JW@JLLmﬂﬁi’NLQaE‘J 0.01

v '

INANTNA 2 WU IEANSAIURIETIFDUNTNTA AeTlunntneds 1.90 15U karU1IE1TNAIRNYSIFDUNS WAL
Y1yineay 1.89 n5U lnelianuwananeiy 0.01 NSy

2. W19 3UT1WAR (Grain Dimension) §3deidentdnisduudntd1nas Sruau 100 waa laeldesidesszuy
Adnea dmiutavuaiienSeudisuiuansgiuauerimdndny wisld 4 vun

A151971 3 WRgULdndmasinamdmesiddunsisn warwdadnamdmiesddunsie

WaATNaIsNaY co . WAATIAITAS L.
< w - oan \Wasigus . oan LUagLgus
INTFIULAAVTT (13 msfaaaquLsm (%) msfqaauWﬁLim %)
(an) (an)
Frwdaendu 1 (>7.50 ) 18 18 16 16
Frwdaenadu 2 (6.61 - 7.49 1) 72 72 74 74
Fradnenatu 3 (6.20 - 6.60 s 5 5 6 6
Frwdady (< 6.20 1) 5 5 q q
37U 100 100 100 100

NA5197 3 mmmgﬂimmﬁﬂ%ﬂami WU WwindnanseuneSadsunsnndwEasty 1 (>7.50 fadwns)
Anfudoray 18 wardmdnedu 2 (6.61-7.00 fadiuns) Andudeay 72 muddu uaswdndnansudany
LaFdumssn $1wEnedu 1 (>7.50 Sadwns) Andufevas 16 wazd1iuEnendu 2 (6.61-7.00 Tadwns)
Andudosar 74 sudeu Juudadfilaldldudsunwlasnnin

3. ANUYNvestIaT FIdeldndesinauy1igite Minolta 300 Inevinisduinanuvivesdnas 31w 5 A%
N912E153793U 200 N3N WU wEadTIUNIRIeSEBUNT LA slinsUAsuwUadnudadiudl

A15199 4 AUVNIVDIVIANSNBURNYSIFDUNTUIA kAL NIENSVRIRYSIFDUNT A

4@ UL EDUNTLIA YAV FDUNT TR

- anuaiiaads (L) Sovay 73.4 - pnuaineeds (L) Soway 74.45
- uns Wiy (a+) Sovay -2.23 - Aund Wy (a+) Sovay -1.97
- Awndes wdy (be) Sovay 13.07 - Awndes iy (be) Sovay 13.78
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NS 4 WU AUEINNBURNYSIFDUNTUSA 5088 73.4 WANTIU S08aY 74.45 AWAINDUANYSIFDUNTLSA
Sopay -2.23 1WNUU o8y -1.97 wardnananouausI@ounsIsn Seaay 13.07 LAY Se8ay 13.78 A9lUAIY
Y1v93tas akllailasunlaselsunnidn wWeasnliiniswasuwlasdudduwsadnele

3.3.2 MsAnwRuAmMIIAMNMMIAAT (Chemical Quality)
1. msfnwgaunndinunmmaedl Wudnvasmaeaiingluadadn wu Yuna anudu WWsiu ledu @ely
i wazeslulawnse WJudu

M19199 5 n1swIeuifievasruseneumamiinanindivientsiney uasnaniesad@dunsee
(Juliano, B.O. 1985)

RRITAD 1Usfu lugiy Jele 1N Aslulansn
(Type of Rice) (Protein)  (Crude Fat) (Crude Fiber)  (Ash) (NFE)

(n5) (nfu) (nF) (n51) (nF)
mmgwsﬁnmnmﬁ 105 63-7.1 03-05 0.2-05 0.3-0.8 77 -89
17815 NouAS@dUNT NI 6.74 0.43 0.25 0.27 80.22
ImasrasesEounT s 6.94 0.44 0.20 0.41 80.33
Yovaziudsunuag +2.96 +2.32 -19.99 +5185  +0.13

AT 5 N5UTEUBIAUTENBUNAATIVEIAMAINTINOU WagnawmIeSedBursisn wudl Usunandely 1
aslulawnsn dareglunmsgu dulusfusazlodufivdudniies

2. aunwdmnisnesiu leiun Usinaiilasa (Amylose) anuasiveswdsgn (Gel Consistency) n1s8nfvesuén
41an (Elongation Ratio) Wagndunes (Aroma)

M13199 6 NMIUTSUTIBUAMAINTIINTVAY HoULAENaIRI8 @B UNT LA

AMAINUIINTVAY WNIPININIVNNEE 105 UnneuRnead YrmvdaaneTad
fneiilasin 5-19% 15.80 % 16.00 %
AnuAsvewlean 88U (Soft) 61 - 100 wa. 80 3. 82 3.
ans1N1safvestgn 11320 Lwan 1.46 1.48
InausinsMaaeUnAuvey nVAABUNAY nauvey nauvey

NPT 6 MaFsuiisunuamiInYedu Aeularvdsmissiddunisisn Yiuueilaa wui Fnoudas
ndsare¥addursnan fUdiaeilaad 15.80 % uay 16.00 % Sufiunu 1.26 % F1ieflaam $119ina
wifleay Wumnuasgiudivninenugd auasdiavewtaan wudn dneuanedianuasivesdgned
seugeu syazyaiutislnanindy 80 fladwes uaztimdsmnedsdiiaunsiveutan ogsefuseu szogmad
uililuawiniu 82 Tafiums uindin1sne3ed sveemeiiudlslvaiiaudy 2 fadiuns aglugegounsgninIzsou
ifutssnu Sammsaiavesimgn wui d1mdane¥ed Senn1sBadavesdnign 1.8 wu. fauRutu 0.02
vilmidoaelulussdulaiSauuraglidnunntu wasihduuseniu nduven wuih 9nasneuasuazudenis
mofaddunsan nduney Sinamdeuliinsudsundas
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4. afius1ema (Discussion)

4.1 wansvaaes wui seAuArtadelunisidaunadlutnens fvanzan fe gamgil 75 ssrwaldua Aauviun
Y9395 1.5 lwufiuns atlun1satesed 1wl 30 il seeen1ansaneded 100 uAlng Mvuanwge
yowRoneiui AT 10 wuRmes ansatisaneutuanadls wasddausadumiadnansld fesaz 100
Tnsiinuaminliiansdems dseglunusinasguisoniuld a gumgil 85 ssmialdea f8nsn1snne
$ovay 100 uinafiliridnsansdnuuni uaruinunsinavesindini

RN - IR
Optimal Temp Thicknes Time
Po H 85.0 2.0 2.0
Cur [75.0] [1.50] [1.50]
1.0000 |0 65.0 1.0 1
Percenta
Maximum
y=100.0
d=1.0000

weme : mAmazanigavestadeuarldinnnuitanelalagsiuvenanau (Composite Desirability : D) @
ANUTaNDLalAYSINYBINANBU TA15E1I19 0-1 991 D TAvindu 1 vunehe nanautulasuANuNanelangis
auysnl
a A
AN 7 NSNNENBUVBIANIMLNZ ALl UNITNARDY

42 mseassiudunalunmsmisulsiimunzanlunmsmdald, dnud wazdufuovesiansdudnaisuazdng
ndosdl sedugamgll 75 ssrnwaldea ATuMLIYeIiIans 1.5 wuiwns natlunisiidafenedin 1w 30
INTNALTEYENNNAFOUAIBSIE 100 LoURAunS Lﬁa%v‘iﬂﬁ%@;ﬂaﬁmmmL%aﬁawm?h%u Tunsidnla fdnue way
FufuierewinddudiasuardnndedaginaiiusnedalilunasaPolypropylene (PP) tanzgiiulilu a
PUUNNTRY 91U 49 U uar 54 Tu M1UNATAINVBINIWINUT WU @1315AITR 6139999917 (Rice Weevil)
lanasosay 100

4.3 nMsfneaunmdIInauLas AR T UNT A
4.3.1 ANINNIINIEAIN (Physical Quality)

v '
o a

1. dwinéa (Grain Weight) wu3n d1a1sneuaiesdsunsisaaziimineds 1.90 n$u ua

v
o Y o

$eEBuissn axdihvtineds 1.89 ndu Taefiauuansneiu 0.01 ndu Seudnasudaneyad
21T UNTIE SRR UTEUURZ LN TIAALENT1IENS

2. WNAgUTILAATIE1S WU wisdnansieuae$dsunsIsadmdnety 1 (>7.50 fadwns) Andudes
av 18 wazdmdnenndu 2 (6.61-7.00 fiadwns) Aadudosas 72 Mudu wasdndnansudane3dsunsse
Frmdnendu 1 (>7.50 fadwns) Andudesar 16 wavdwdaenadu 2 (6.61-7.00 fadwns) Andudevas 74
mudy Faudedniilalalaudsunlaserlsunnin

3. AINUT1I09917815 ANET A URNESIABUNS S Sosas 73.4 1wty YouarT4.45 Aunineuaised
Sunlsusn Sevay -2.23 fiudu fovay -1.97 uazdideinouaisSiddunsse Yevar 13.07 uiu Yevas 13.78
Fauanuuvesinans alilldasunlaseylsinntn

MEITNAIRNY

v

9
U MINanad
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4.3.2 aun el (Chemical Quality)

4.3.2.1 MmaiSeussdUszneumaaiivesnuamiiney wasvdnesaddunisien wuin Usuna Wsiu Lty e
Ty 1 aslulewnn Tenoglusnsgiu easBonadungldwsl

1. Wsiu lngUnfiegsening 6.3-7.1 n3u nanfie neuatesedilen 6.74 nfu nasn1sanesedlen 6.94 nsu ud
Tusfufisdu 0.20 n¥u Anidudesas 2.96

2. lufiu IngunAegsendng 03 - 0.5 n3u nandfe fewaessdlian 0.43 n3u uagndananesedilen 0.44 nfu wailusiy
i 0.01 n¥u Anudosay 2.32

3. 18ely Tngunfegsewing 0.2 - 05 n3u nafe reuane¥ediian 0.25 n3u uagndsnisane¥adiian 0.20 niu wiide
loanas 0.05 n3u Andudewas 19.99

4. 11 lngunfagsening 0.3-0.8 nSU naNfe Aeuaesedla1 0.27 N3 wagndan1sanesadlian 0.41 N3y usil
Wi 0.14 n3u Anuosas 51.85

5. a1stulaiase Tneunfegsening 77-89 ndu ndna fie deuane$sdla1 80.22 nfu uazndanisanesedien 80.33
n3u uianslulewsndiutu 0.11 n3u Andufosay 0.13

4.3.2.2 \WUSgULiguAMN NG IaAY

nMaUssuifisuamnndantsyediy deusasudsis¥addusnan Usinaeilaa (Amylose) iinduainiosas
15.80 Uusewaz 16.00 % a1unassiaveuiign (Gel Consistency) ndsnisanesed svogmiiudslmaifindu 2
fiodng oglutndeu yandmaggouuthiuussnu Sasnsiafvestngn (Elongation Ratio) SAifindy
0.02 lshifemelulusetu lidauuu delidnnuannty wesihiuusenu uaznduvew (Aroma) Tanmauf
[2] Ipsita Das et al. (2003) nd1291 $11euisinnihefiddunsisn Gaanmsussidiuamnm melszamduda
voufdu nauven savd lillfiudsunaserlsuintn Fsmnuveulaesiu Sudufivensuanguilaa

5. @3Uia (Conclusion)

5.1 MseenuuUNIINnaed Ideldiadesansfaddunssnszuvaeniudiies 98NLUUNITNARBILUY Box
Behnken Design 1uaun1snaaas 15 a3y wasnaansdn 2 ads Yaduiinw 3 Uade do gaunil AT
Frvumenu waganlunishidasansdn wui mimnzay fe guvgianesd 75 ssmwaldea A
Fnuuaenu 1.5 wuiiuns waznanildidasenedn 1w 30 i Auuaszezvinsvesvaeatuinans 10
WURIIAT FETEEENIe 100 WuRlng UssAvBamnsiidasandniesar 100 ndsnisanesddnazidudad
gaumiivies Lifinsumnvinidesannarudeusinnisane

5.2 mMsmiulsimanzanlunmsianly, fnud wavdiuteresdsnsdudnaisuazdiingss Lﬁa%ﬁﬂﬁ%agaﬁ
auideieundaty vhnsmaaesiudunadnadeil sedugamgd 75 ssmwaidua mnumuivesdnans 1.5
Wwuins AnusEenuldnat 1 Wil 30 39 wazszezmaadauaeed 100 WURWLAST MRUATE YUY
NaARUT1815 10 WURWAT WU @1U150M199LY, Finwe Lardfudavas 913993299717 (Rice Weevil) lonasasas
100

5.3 guamdTmenisnmuased fouatsuasvdianesed o tvdniuda Sdmidnanas 0.01 n¥u eradusa
wmsdndfuszuunzunssdauendnnans suaguanda anuvndas uaznsuanvin lifimsiwasuulas &
ogflunasinnspufivousuldannin $1maed deuansuszvdimieded wuln enutuanas fevaz 3.39 us
Tusiuiintu 0.2 n3u Andudoray 2.96 lududfindu 0.1 n¥u Andufesar 2.32 msluleismuiuiu 0.11 n¥y
Anuduferay 0.13 Wufindu 0.1 n¥u Aniudesas 51.85 dauidelvanas Seglunasiunmsgiuiivon
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FUld wavAunmdveiundRIesid wul SUsnaeilaadiiniu 91ndesay 15.80 1Wu Sevay 16.00 AUALT
vosutaanagluseu deu dudasnisadivestianiidniiugy 0.02 vhlidenelulusedu lidauiu Gaelvtn
YN SUUsEINY wagnduneuliasuulas

5.4 UYseaNnSnnvaum3asriesiddunsisaiianidnwuadludnigns wuinesesaunsavinauls 1 $luavindu 300
Alansy

6. NAANIIUUIZNA

3
v

YBUDUAN NIATYVIIAINTTUENAINNIT AMLTAINTIUAENT UM ING1FoUasI¥e Tl wag MuIdedlasunis
advayunguduinnssumalulandanisiiufien drdnnuanznssunsniseau@nw vy, 10400
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N1SANEIANTIAULATINMUYBHUG U TeuAINTa s Ay
Performance study of cooling pads made from Glass fiber filter and

Mosquito net

ussidn Tgndml, Toyald ewnns, 163 nesyu
AU ITTIAINTIUASOING ANEIAINTTUAENS
URInedumaluladssusnasige
9.1494 289787 90000

pbunjerd@gmail.com

UNANED
mu’i%&ﬁﬁf@qﬂizaaﬁLﬁaﬁﬂmﬂmé’ﬂwmzmﬁﬁwmmmLwiuséTuﬁwaﬂm%qﬁwmmLﬁul,wuazmamm%u
Tngasvhnsnuusiuduihivhanlenfansesh uazdfafugs Isazshnamaassiiauaauisoures
inaaU191n e #9725, 1015 way 1450 seusteundt Snsinsiuavenioviniy 28,34 nssiound Tnewu
AALYeIANLUANANYIMNYTEIIIIadLAEN1ee N WAL 1.79 Wag 1.30 ssmwaiTua dwsy
LLmuezjuummmﬂ‘LsJLm’miaqm wa s mudfy musEAvsnmnBuivesukudutihivhainleudanges
1 wuidensening 512 - 87.5 % videAndudusiadewiniu 72.2 % LLaggunizamsmwmiamm
11149 42.3 - 50.6 % vidoAaduALadentU 46.8 %

o o w

ArdAty(Key word): La3edvihauduluuszimeaui; wiudul; leufansed; e

Abstract

Aim of this research has to study performance of evaporative cooler by studying cooling pad
made from glass fiber filter and mosquito net by experimenting at three speeds of a blower
which are 725, 1015 and 1450 RPM and the water flow rate is 28.34 liter per minute. It is
found that the average of the temperature difference between the entrance and the exit is at
1.79 and 1.34 degree celsius for the glass fiber filter and mosquito net, respectively. The
saturation efficiency of the cooling pad made from glass fiber filter is found to have the value
between 51.2 — 87.5 % or to have the average of 72.2 % and has the value between 42.3 —
50.6 % or to have the average of 46.8 for mosquito net.

Key word: Evaporative cooler; cooling pad; glass fiber filter;
Mosquito net

‘u3sidn Wyn3nd
[150]



MIUTEPAMMIUALUNAUBNANUNNGIAINTTY
WInNTIUUAZNTIANTTEREMNTTHREESEY ATAN 2 Used1l 2556

ﬂn'lﬁ‘nﬂ'“ﬂ nssuualszinalng

1. uni

\wdwiATBuLUITIMEATATY (Evaporative cooler) iiuiaTasvheuBuiiannsnassnuduldlaenisge
IMARTUUALEUT (cooling pad) Befitnlvartuegnasniaan shlveormaiianmaiias uasddraududuimsn
doluaruusiuduihdnaneenuudraginliduennmaifgumgisn weeilenwduduinsgedy feansoey
vhauduliiuinaiimuels

\3saihAudunuuszeauty ueiesianuduiiidenmionineaiewhanudusuusale (vapor
compression refrigeration)Imam%w’hammﬁmmmzmamm%uﬁﬁ@mmﬁﬁﬁﬁwﬁaﬁaﬁﬁa 1. Jusyuwihang
Buitldldansvhanudu wilih vldeseshmuduuuilifulinsdedunnden 2. Widudsstuniewniowh
aufuuuudnle 3. lnssudlnlihiosninedowhanuduiuudale uay 4. desenstiseinu imeilgunsal
Hostuninhues uiegrslsimulumslidounslfinienhmufusuussmemmduiuiiuiidelas desnmn
ifuositadndnasyinlfmutunslufenfivgiiuaudegordvassanldauis

1] 1ﬁﬁﬂmamiauzﬂuaqmﬁﬁwmmLﬁumaal,ﬂ%‘aw‘hm’mLSuLLwizmamm%ﬂmai%miuﬁﬁuﬁ’]ﬁﬁﬂmﬂi’a@
jute, uffa, commercial cooling pad Way palm fiber Tnevimsmaasafinnuia laruLEus Ut I AY 2.4 WS
fodundt wudusuduihivhaanansneg Tieussanamnisduda faeluiide 62.1 % dwsu jute, 55.1%
dmsu uffa, 49.5% d@1m15U commercial pad Wwag 38.9 % d13U palm fiber

Augiiuel uauan [2] Tadnwududuinviunannidulenenin uaswaglaa Insududuinfiawn 30 x 30 #1979

X
a

WwuRns kansveassaguldd wiuduihiienlesswdnuuuusuiuiienumun 5 wufwes Iiawssansam
Bustasniukuduthivinanisaglaanun 5 wuftms agluga 5 - 8 Wedleud wasidlowiuduifivhanleusni
wuussuimmamun 10 wuiems el ssavamduiganiusuiuihivhaneaglaanun 5 wufung oglutas
12- 18 wWosidus

Uyel® wa UITidn [3] IeAnwaussousmsnuresessshaudusuustennut nelduuduihiiviiann
Fonvha uay nszaeul Tnedsnsnisivavesiuviniu 26.9 aasreund vunmvesNudutiAe 0.55 x 055 A5
LIRS HANSVARDIMUIIANYSEANEAMANTBNFve LTI 9N Eoning wudilmsewing 33.2 - 39.4 % wie
AnduAadominiu 35.76 % wasiAszning 31.2 - 54.8 % WieAnTuARABWINTU 45.16 % dwsunsyasuliu

Nitipong [4] IgFnwusuduthiivinunann rice husk uae recycled HOPE Tngldnzunssaunn 0.5 was x 0.5 Wns
Usgnuiu deusundIusse1lise rice husk uag recycled HDPE vinn1sviaaesidnnuiiiauviiiy 1, 2 uas
3 wasiewi IngldAnnasvecssansamnnsausveusiuduthiviniunan rice husk Wy 55.9% wag 29.1 %
dwduuRuguthiivhanann recycled HDPE

Kulkamni [5 lmﬂﬂ‘w%mwuum 4 ¥iln Ao Aspen fiber , Rigid Cellulose, Corrugated paper Way HDPE lagvinnns
nAaeIRenT s InaiBunavetend Wiy 0.3 — 1.25 Alandureiundt wasuiuduidvunn 0.6 wms x 0.6 was
wuen Usgansnmnisdusives Aspen fiber VAU 87.5 - 93.7 % ¥84 Rigid Cellulose 111U 77.5 - 86.2 %
¥4 Corrugated paper Wiy 80.2 — 88.4% taz 81.9 — 89.7 % &@1w5u HDPE

nMideaslarinsfinvukuduiivesaianihanuduiuussenudulagasfinuian 2 via fe lowdanses
W wazaaiugs InearldaUse@vininn1sdus (Saturation Efficiency) lumsiUSeuiieuaussausvausuduiiy
ANTanTisaes
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amaammnysuuvialszmalng l\;;\
2. gunIaluazIsn1smaaes
2.1 gunsad

wesharundunuussmeauduiildadatuinadt 3 ve uazvnseen 1 e Tasanunsofnsousiuduiily
F1uan 3 90 Ausumad anvesssdwsuRadasuiuthAe 0.55 wwas x 0.55 was Aadsadufiisng
nslnagean 40 Amssteundl uazadruenldgean 40 wins Svwaasladi 0.5 uswih wagfake Ldoadnane
gu1n 0.5 useih Janildvhusuduingd 2 wlede Toufnsesni uasdistugs Taefinsdnnsgunsninine vousdes

PIAUSURUUSEEANUTUN LA AS19TU wanalasan ng 1 salil

marthvesemea

€
\3

fin ammmmmm

Al 1 N5IansgUNIRlvesYRNAaeY

wdeainasauitiinisiade 0.4 - 30.0 wasdeIund dAAnueaiaedeu + (2% rdg + 1 m/s) 1ASeain
gaungfifitnansinde — 50 4 1,350 ssrieailia SrnnuAaIRAAaU £ (0.3% rdg + 1°C) wazlAIDYIAAT Y
FuimsinnensTnfie 5% RH to 98%RH flAAnumataAdey + 3% (30 to 98% RH) LLavLﬂ%"aqU%’ummﬁaiau
(Inverter) 511\‘1LUUE]‘Uﬂimi/ﬂ“vm‘wi‘uﬂi‘tlﬂ’.l’mLi’JiEJU‘Ua\‘iJJE]LmaiLﬂiaﬂLU’lmmﬂ T4fdve Altivar §u ATV31 nsAnG
LLmuswmwmmmammaawuﬂﬂa Toufnsosh uae ferugs uansldfanini 2 uas 3 i

v
°

AR 2 wugufvihannlewninseadn
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v oo
o a

AW 3 ulugutivhangjsiues

2.2 /M5NA8a83

nsnaaessulnensfstadluluaeduans ndmniufndausuduiivianlewtanses Wefakuannaes
3uufes inmadadui ey wasdandmuausnsnisinasuan aunsoiasasnisinaveni Wiy
26.9 Ansrowit Ysumudiseuresamesiniiiiu wieathennie Tnansiuiidlesmuiasnssudlniiifisns
Tunewmasian 50 1§59 mama%@avmuﬁmm%sau 1450 SeURDUITI é’aﬂfu?ﬁwi’%ﬁuﬂ']smammLLiﬂ Tagusu
Armnudvesnszualnihfidelitunewmesluil 25 55nd gzl uamaimummmmsau 725 SaURBUT
waqmﬂuuﬂaaa‘[,wzmmammmmﬂumm 15 i mmms’mmmaﬂ Failno azwmml,a BT Y- (R
mmﬂmmammmumu LAEMN9een WarAMEauivienn v ntunsaaesi 35 1BinG ERIELETY
‘wmmmia‘u 1,015 saumam‘w) uay 50 \BSme (uamasmuwmmmsau 1,450 59UABUNT) ALAIAU UAIRIN
thidswhnmsnnassidnadstuuruduidivinan fefiugs

AUSEANSAINNNTBNGN [6] (Saturation Efficiency) Fslgd@msunisilSeuifisvanssauzvoaunuduin agmanle

PMnFUNTAIAD T

N =| —=% |X100% (1)
T1_wa

o

FEUIBUIN UR9INIANINdT  (RIMaLTYE)
T, = oungiinszitzuia Y9%eInANINeen  (ssrnaades)
o = Bauniinsziizilon veweINenIadl (eerwaltes)
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3. HANSNAADY
INNANITNAABIEINITNULERIA bARIR5197 1 Aelull

A1519% 1 NANISNAADY

Anademadn 19080
HZ RPM
T, () T (© %RH T, (c”) %RH V (m/s) M (%)
2% 25 725 29.4 26.7 80.3 27.3 99.9 10.4 77.8
;g 35 1015 29.7 27.1 81.5 27.4 99.9 14.7 87.5
<
'eé 50 1450 29.0 27.1 86.1 28.0 94.5 21.6 51.2
25 725 29.7 27.1 81.1 28.6 93.8 10 42.3
ag 35 1015 30.3 27.5 80.0 28.9 91.6 14.5 50.6
35
50 1450 30.5 27.4 78.4 29 89.9 20.5 47.6

M15797 1 1doyanan1snnaeIundeunimiuaninuduiusszning AuwANaNUeI0Mngi01n1ATENINg
maduarnseanvaiutuintintewinsotwazdaiugs wuanaldfnmi 4 uag 5 solull

TouAansasun
35.0
30.0 o—
— -— —0
250
Y
o 200
(o)
g 150 [
@ ——|
100 F inlet temp
== outlet temp
50 F
O O 1 1 1 1 1

750 875 1000 1125 1250 1375 1500

<
A21UL3258U (rpm)

A 4 ANULANA1IYBIR A IsEn I kAT seRNYR MU UV N lELAINTE NN
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ﬂmqnﬂmnﬂuuu’am:mﬁ‘lnu

Y
UINUYS
9 9
35.0
30.0 1 .
. 250 F
<
= 200
ga
g 150 =&=inlet temp
10.0 | =il outlet temp
50
O O 1 1 1 1 1

750 875 1000 1125 1250 1375 1500

<
AUL559U (rpm)

AW 5 AULANANYRIRUNYTsENIIIUILaENseN YR RUT U A NI aiues

1NAMA 4 uaz 5 FauansnnuuanAwesgUngisEnilemadLarneen  NUIIANLANA1YeRANAT
sgudamadiuagnisesnveuiuduiiriviiainleutansesirfiduandsanuiudutifivhangstugs tned
ﬂ'ﬂLaﬁEJSZJENm"]ﬁ,JLLmﬂﬁiﬂﬁﬂJaﬂquQﬁizw’iNM’NL‘fﬁLLas‘Vl”NEJEJﬂ Winu 1.79 semieaiea uay 1.34 asriwaldua
dnsuloufnsoniuas fatugs prudy

ANANNTUFNANS (%RH) vas0MAMadLaznseenvasLEut U saeininusisaunneg aansauandls
AaNNA 6 Alull

120.0
100.0 —{ ==
o~ g
g 800 -
z
600 [ =0="TyuMnsee inlet
bl
~5 =="Tau1ns990 outlet
ga 400
€ fariugs inlet
200 =>€=13jsriug9 outlet
0.0 1 1 1 1 1
750 875 1000 1125 1250 1375 1500

<
AULSITAU (rpm)

DA

AN 6 ANPNUTUFLING (%RH) VBIDINANNBILALNDBNVBILHUT UL IAD T
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NN 6 FIUARIAULANAIIYDIAIANUTUEUNNS (%RH) voseIMAsERIITaduasmsoen wuinAy
LANFNSTBIAIAINLTUEUTNS (9RH) B30 N AT wazmsoenuasusuduthfivihanloufnsesingan
LL(ﬂﬂ@l’Nﬁ]’mLLD\iu‘gUﬁﬂﬁﬁ’]ﬁ]’mﬁ:dﬁu‘q& TnoilA11a80 U939 LANABIAIAINUTUFUNNS (%RH) V899177
sewiaaduagnisean Wiy 15.49 %RH waz 11.91 %RH dwdulowtinsosiuas fafiugs muaiu ngen
ﬂixﬁ‘w%m‘wms?ﬁuﬁwmLLsiu%'mfﬂﬁy’daawﬁmﬁmmL%’Jiawha6] annsauansliand 7 seluil

100.0
90.0
80.0
70.0
60.0
500

40.0
300 =0Ty InN5091"

Saturation Efficiency (%)

DY

200 slarfugs

100

OO 1 1 1 1 1
750 875 1000 1125 1250 1375 1500

RPM

=] ' a a a o
NINN 7 ANUTZENTAINNITDUR?

INA15199 1 Uag 09 7 nuAdseEnsamnisduiive s uduiniinainlouiingesun SAsening 51.2 -
87.5 % wseAnduAadminiu 72.2 % wazdlA15zning 42.3 - 50.6 % viseRnduAaduwiy 46.8 % dmsulls
UER

4. afiusena

AN 7 uay A il 6 wuiiAUsEANSAINNBNEIMIe Saturation Efficiency %aﬁa@ﬁl%’ﬁ%wiu%’uﬁwmrﬂs
wiansesiedidfiginingatugs Sudlounandnvagnamenesian nanfeloutinsesiagiimuauis
Tunsguilildanindfstugs Toildarutuduinsinisesneslonfnsenidageniivesdiatugs Turasi
Autudiivsimaddanlndidesd

Wadlinasifiuminuirsevreanisniisinialasnisusuarnnudvesnseualiifdnsliduuames wuiie
Usgandnmmsdudmesisloniinseshuazdatugaiivunliufiazliifnigaidewniondiainimininuiinaims,
58U 1015 sousieun?l laeaUseavsnmnisdusiivedleuiinsesfidviniu 87.5 % way 50.6 % dmsuariues

MnuanmsnaamuAUsEAnsamnsdudvedleutnsenififidneglutie 51.2 - 87.5 % vieAnludade
Wiy 72.2 % flenfigandn jute [117 62.1 %, Wffa [1] 71 55.1 %, commercial pad [1] 71 49.5 %, palm fiber [1]
71 38.9 %, Wonw4 [3] 71 35.76 %, nszaautiu [3] 7l 45.16 %, rice husk [4] 71 55.9 % waz recycled HDPE [4]
7 29.1 % usdading aspen fiber [5] 7 87.5-93.7 %, rigid cellulose [5] #775-862% , corrugated
paper 71 80.2 - 88.4 % way HDPE 7 81.9 - 89.7 %
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5. d@5Unan1vnaeg
mﬂmamiwmaaﬁmmmaqﬂi@fdwLﬂ%‘laaﬁ’lmwmﬁuuumzmemfguﬁLLNu%’UﬂfMﬂmﬂiaLLﬁaﬂim‘f’] den
UsganSnmnsdusaladeviniu 72.29% ﬁammuzﬁaﬂ’j’]LLﬂJu%’Uﬂfwﬁﬁﬂmﬂﬁ:dﬁ’uqﬁ Faflen UszAnsamnsdusa
WALV 46.8 %

6. inAnsIuUTENA
MATeilveveuan wisedyy lwegissns ugaRuu mas war w1eInel 1 UnAnwaaImnIsuAseIna A
Fminssumans aivendewaluladssuseariite lunisimindudyaeide
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Ethanol purification by a combination of rice straw/commercial adsorbents

L dl 1* L s 2
nanwal lasguUNs |, Yiny nquauysnyg
1

a

v =2 L = a a IS a s a Y s =
AFANWYIVUNAFANYT ATAIYIIAINTINLAN ASIAINTINATENT URINYIFYTIINATENT ‘U‘V!llﬁ’]u 12120

Chinjung_freeman@hotmail.com
2 4 a  a = a s a ) s =
TOAERNTITY ATAIVIIAINTTIUAN AU IFAINTIUAERNT UAINYIDYTITUAANT memu 10120

gnurak@engr.tu.ac.th

unAnge

msatuayunsld ufalesed Snadenmunmusseniusafiazgnihuliuauadussdussnaurasiiiy g
Fududosdimnuuiavdosistion 99.5% lnsUsunns Wuiilefinenuesaiindnlsiainnszuiunsusin
w3onsy mumﬂmmﬁnu%mmu oF mamﬂsvﬂawaqmﬂuwau wﬂwmﬂmamiﬂamwnLuaqma
¥isznauTesasHaNovuea-t1 fanudusrdlelnsy mawsmiroananesdusznouieniuea-ii 3
gminndny Tnserdenszuiunisgedulnefgadudseseivssamilolad luaniuzufa luiidldnaaey
mMsgadulagthdana-vhsdudusgedulaenss fedlesduszneuvesdarussnauagazyimihiigadu
1heenanasdusgnauteniuea-ih ewfiuemuuigriveseniuen Wsudusgadumanisialelad Tng
fvoulansfinuAeguuniiseing 79 edmlwaldd guunniinisgadu 90 ssmiwalgya wultnedd
arwansnsalunsgeduiireudisd Aoaunsnifiunuuiqniveseniusaain 88.9% Ly 90.5% (e
fgadunet1l 7 nd) wagnudn msthrsdnswiudleladazanunsadanainisldanuvesdleladesnly
ety 27%

o o/

AdARY 1 LeNUea; N1IRATU; NMSINANNUTANSYBLeMIUEE

v

Abstract

Gasohol consumption has been increased dramatically. High pure ethanol (99.5% vol)
therefore is in demand. As known, ethanol, produced through both fermentation and methane
hydration, always contains water as its azeotropic property. It causes some difficulty for the
purification. Adsorption under very low cost biomass (rice straws) is then interested. This
work has been done in gaseous phase separation. Two parameters of evaporative temperature
(70-90°C) and adsorption temperature (70-90°C) were investigated. It was found that rice
straws were not suitable for the adsorption. It could increase the purity from 88 to 91% under
the study range. However, the combination of rice straw and commercial adsorbent could be
possible. In this case, commercial adsorbent breakthrough time could be extended ca. 27%
longer.

Key word: Ethanol; Adsorption; Ethanol Purification
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1. unid1 (Introduction)

L@NIUeA 138 Lafianeanaded (ethanol, ethyl alcoho) dansiadl C,H;OH Juneanesedeianilaidnuazdu
vounan Ta 4ifid dalvgfldannsudnfienanisinuesituduazdinags iy dos Sudsnds $17lne e
ihlunane1ms ideshuueanased fvhazarslugnainnssuaiosdians o1 uarlfidudomas udu uas
dmfunisudnenuoaifudomdddulsemalne daulvginanaindes uarfudznds Faduingdvain
meluvsmaiifidnenmlunissdaeniueags

Tngildiemusaaunsandasiiunisduaseiinuesdusznoullnsiail uaznisvin dslunssudifinaniasd
wAnfusisufon uasiielldauuianigenisuentieonaineniuea Jeiarmdrdy Tasfleniueadivunld
Judowddstuasdeaduenusaiignirintiosnaufiounun tnefiaruuiavsunnimdewinfu 99.5% lagay
ihlumanfuinguuuduy 10% 20% uay 85% videfiSeniuialvsed £10 £20 uay £85 auddy iileifiud1oen
wilurhsuuu@u naunuans MTBE (Methyl Tertiary Butyl Ether; MTBE) 6’2’5@Lﬂuamﬁumaaﬂmmﬁuﬁda{]wm
Judoulufiu wndsth uazorms 99nn1sialva nmaslndidemasuuriesouy uazsneg onidlasnss Ady
SurTesuLsIroauwLATAsIndeN [1]

v
= P P = '

evnupaligaiiiendl 78.4°C vuzTihiigaionil 100°C wivewmausswINEIaRwdinaziignifiensiud 78.2°C &

q q

snngaiiienvesasuiazedin Salinginssuiendt esdlelnsy wunela 78.2°C Aoguungisianfiasazaiaiom

Y
(YY)

uea-thazanunsaiionld wosiloosdlelnsuifenuisdiu lefldasfusasdufsrtufuronvainaudusiu
lesnnesddsznouliignuudsuudadasnsifenuisdu exdlelnsy 1Fundneg1ein Constant-boiling mixture 34
nsusnanslasnsndunuusaduliianansodululy asazareieniuea-i iin exdlelnsy fyaidondianiid
09AUTENBUTENENILEA 89.4 mol% Laxth 10.6 mol% a AMUALUTIBINIALASEIU KatuasazaislonIuea-
thidensiinanlaenszuiunmswinaunsagnauauedwiaiedildasazaeiifianiiusznaudeteniuens 89.4
mol% finrufuussenmeannsgiu vazfirudesnmsauuianslunslinufundsnudesmaanududures
LovuEaaYET 99.5 wi% Fedimnududufiazdomiismslunisusnduuszneverilelnsusen

mMsiiuanuuigvdveaemuealagigadulnedigedy 10Ul UAMdeuludmndyd Wesnlindanu
sewhanszuaunsAeuiie lnserdendnauuansssevindinana ngludmndudld 3a Flelad (Zeolite)
Jusgadu FaazaunsndulienavesidsdvuaiduinugudnatsUssaa 0.28 uiluwns Tasflazligady
Tuianavesemusadsiivunsilvajfivuadusiugudnarsszana 0.44 unluns [2]

Tuuitedfsaulamgaduiiiuinma mnuudeiiiidgeduiidunguitléaindianag (Biomass) e1vauise
iluldlunsifnluleeniuealddneds damndululfasdunisant unounsndnlfidesain lethiignldidie
Ustlewdluszuy TasasvhnsAnwidosiumesenuannsovemhednlumadiuaniavivedluleleniuea uax
Anneitannudululifiadddnnddusgadusmiusgadumanisd

2. 75999 (Research Methodology)
AnwilarornLuuNIIMAReY MIliiuanuuIgvsvediulaleniueamenszuiumIaadu feanseviluaniigle (3]
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AWF 1 SEuudmSumsvaans (1) Waterbath; (2) Ethanol storage 250 mL; (3) Packed column;

(4) Condenser; (5) Sample cannel; (6) Heating tape

hnsneaesitanageuANaIsalunsiuauuTansvetiulaleuearemety  antutnailamn
Uszidiufannundululd Tunsldsdhadusgadusinduigadumenisd Tudamndivd

3. NanN15298uazaiUsie (Results and Discussion)

100 100
input .
output ihput output
% T + *
g 3
£ a8
w £
X frr
%0 £ 90 -
o 85 . .
' ' 0 0 40 60 80 100 120
0 bl 40 60 80 100
Time(min) Time(min)
(b)

(@)

.ﬂ']‘IN‘VI 2 mmmamﬁmaaLamuaaﬁiﬁnmm%maﬂu "'dI?JlﬁW (b) st

At 2 Wunmnisiusgrsveseniueaienssuaunisgadu I dRnusieniagadu 3 Hlug nudn vins
Fnfiawannsalunisgeduiideutnasi Aeluannziiafign ausaiuanuuIasveseniueasin 88.9% U
Ju 90.5% (sedgadiureda 7 n3u) gaumgiisee 79 ssruwadoa gamginisaadu 90 swreadea dmsu
nsdives Flelad awsaifiuanuuigndveseniueain 94.69% Ly 98.61% (Redgadudlolad 13 niw)
gaungfiszive 79 esrwadea gumniinisgadu 82 esmiwadea anmvaaestBsldnanisvanosiviiy
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amqnamnsmuu’aﬂxzma‘lnu

nsldnnsdnilunisgedu witasinadnsnliflunisgedu witeinduwuimmidsdunisinisdniiiiunisuy
anuseull ungldusslevilummiiniemueasield (Mdsegseninanising)

COND
ADS
2 FEED
(a)
o
COND2
RS1 ZEOLITE
2
(b)
= FEED

AN 3 AnEaENITUILNINITINUTaNSIONIUEE (a) Maaduiiiey; (b) fgadusw
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msUszludSeuidisunandlunni 3 Wunsdraenssuiunmseaduiidnviilu Aspen Adsorption Sim (2012) Tu
dosguuuuAe wuuiudmgaduiies Fwzdunisld shedn vise Fleladedndlnegimils uazdnnsdanidunsly
fgadusanidusuuuends

lngfia1sand dnsansteu 100 Alansuveavaleniuea sedilus waglivuavesddlimaniseimgadun 23 du
whivsunavemegaduasdluszuu lnefiansansumavdeumedingedu ausseznaidmgaduriaanin

eueavzgniilidulefigamgll 80 evrwadea agldanuduusseiniaund wazluarunegadu laenis
ADNITUIUNNT warAUANNITIVET 100 dadans/Aui avilvilovesansiAl Space Time 71 1.45 Hala

PnANsRadunuI Wetinardleladanunsagaduiilauszann 0.01 uag 0.07 n3u/nTuvesdigadunudiu
ibinsldnanlunsnuaanmussigaduniednuasdleladaediing 102 way132 4lus audwiv

LwiLﬁaamﬂé’h@m%’umﬁnﬁ%’aLﬁaﬁhjmmmv‘imﬁwﬁLﬁuﬁaam%ﬁwaaﬂmmamuaaﬁmim"mmg’mmm
Anhydrous Ethanol Aldlumsuaududomas 3senslildsauiudlelad au Simulation Tuwuud (b) Faviilviaan
nsufdRmuueneluifu 169 Hlusamzvegaduiiiudlelad

oty 27.9% nuaufiinuiu lRlauslonidmsssudandenudl
1. annanlumsAasudedgady

2. aAMIEFENEINUTINIFNTEMELAYMIMULLLTETIIN S As Ui gadu

3. anAIN15IANISAUENIN (Regeneration) Mgaduuagamasnulunisiuaninaale

0. wiuildluduemediinisdnannsavilihddnannsad il Fnuldnety @esdinmsinudely)

4. a3Una (Conclusion)

Arwannsavesiieing iiedusgadulunisiiiuauuiasvesieniuea Tunssuiunmsgadu egluszduiisn
LLasﬁmmLﬂulﬂléfﬁaamnﬁasﬁmﬂ%ﬁ]uﬁa@jm%’ﬂm%wwz:ﬁszjé LwiLLmﬁmﬁ%SL%WNLﬁuﬁa@msﬁuiwﬁuﬁ’s@m%’ww
e Suwaltudfianansedululs

5. inAnssuysene
YoYaUARM UTEN Usm. 911in (v lumshiuaivauuuasdoyadny
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NINUIISN1IATIIInNRaa TNy sEgnAldlulATaINTITALUUDN LR

o o £ & 1 a W 2 a o a 1
UUNANA ANRANWEY , YBI gUUINDY *, E‘!‘U'WI Wlaﬂ\i'ljigl,aiﬂ
1 a a a 1% a s a ) s
NIAIVIAINTINEILINADN AUSIAINTINAIANT UANINYUIQYLNLAIATNT ﬂ?QUWWWllogoo
2, A A a v a s v awv Y] i a ) s
NELATDINBLAZIYINININGIAIENT dD1UUIVLLLATWRULIANUININGRENYATAENT
UNINYIFLNYATAIERNT NTIVN 10900
rdinrs@ku.ac.th

Unanga

v v
aa = [

AT g Usad flean s msmaTareaneialuth BBnsiiautudauuasiinisiannisinsgu
Vanadomolybdophosphoric acid Tngannsldanuiusiuiuaslueamauludunsunisniousnegns  u
nsnaaedldinfiegniintesssumiazindaaszimionty 110 fedisdinnududuvemloanasa
siee thindeganyiliAnalagans Vanadate-molybdate sioaniadlnsiniosaiunlasinlnsiinosuiin
Suandeafinnuenadu 470 wiluans FEnAldssuieussinanddsio 1) Anisganduaduuas
genifiegne uay 2) Wesiudmuramndouvesianududunloanesaiiinld [anutuvonsind
Wﬁamzmwmmi@mﬂﬁuﬂﬁuuawaaﬁwﬁaamLLazmmLﬁﬁuﬁﬁuWQaWQ%’aLmummi@mﬂﬁmﬁuuaw peh
Fregrmdinsildiindnanismaasinuitaunisidunsedildainnsindifaeg1eiiilfiandlae s
1AIFIUAD y=0.0207x (o y wag X AeAinisgandumduuas wazAnduduneanssailiannds
UINTFIUANLEIAV) LAEALNSIEUATINNTRNSTALNTURD y=0.0208x (fo v ﬁammi@mﬁwﬁuumﬁ
FnnTsiiauntuuay x foranududuneanesaildannsmansgin) dnvesifudaiunainadou
vosANUduTurloaneaagluge 0-30% nsvaaesiinewandesifuimiunanndeuadlilndiiesfun
amududuiildannitimssulnsthmmanandudunameshiegiefildnnisnisfiautunwienty
anuddurlealetaiilianiBunsgrunarinaue uaunseuduiuslmife y=0.0187x (ile y e
mi@mﬂﬁuﬂﬁuLLmﬁiﬁmﬂiﬁﬁﬁwuﬁuLLaz x FomArududuaieiildannifuinsgu) innsmaaeunuii
dewsenmegslneisfivauniu uarldaumsmuduiusimifiaveilunsmenududureanesalui
fog1e Anvefidudanunanndeuresnnududuneaneyaunnineaniinsguiidadefios 2.85
Wosidud

ANEIARY: NIIPANGULES; NITHAILIIBNIT; 1A3099599TR0RLuLR; Weoanesa; Ursssuyid

Y

Yu31 Fulmes
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Development of Phosphorous Measurement Method for
the Application of Automatic Equipment
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Abstract

The objective of this study is to develop the measurement method for phosphorus
in natural water. The method was modified from the vanadomolybdophosphoric acid standard
method. Activated carbon and phenolphthalein were not used in the modified method during
sample preparation. Natural and the prepared water of 110 samples at different concentrations
were tested. Samples were coloured by vanadate-molybdate reagent subsequently, a single-
beam spectrophotometer was used for measurement of the coloured samples at 470 nm. The
key performance indicators to compare the two methods were 1) absorbance and 2) the
percentage of error. The slope of the graph plotted between absorbance and concentration
was used to substitute for the absorbance of coloured water samples. The results found that
the linear equation obtained from the coloured samples using the standard method was
y=0.0207x (where y and x are the absorbance and concentration obtained from the standard
method, respectively), and that obtained by using the modified method was y=0.0208x
(where y is the absorbance obtained from the modified method and x is the concentration
obtained from the standard graph). The percentage of error of phosphorus concentration by
modified method that deviated from that of standard method was in the range of 0-30%.
Attempt to reduce the percentage of error was performed by plotting the absorbance values of
the coloured water samples obtained from the modified method against their true
concentrations obtained from the standard method and then the new relative equation was
proposed. The new finding relative equation was y=0.0187x (where y is the absorbance
obtained from the modified method and x is the true concentration). To use the modified
method and the new relative equation in determining phosphorous concentration in water, the
percentage of error that was different from the standard method was 2.85% in average.

Key words: Absorbance, Modified method, Automatic equipment,
Phosphorus, Natural water

" Nusara Sinbuathong
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1. uni (Introduction)

aolswloawnm (Ortho PO, -P) Lﬂuﬁ%ﬁ%’?ﬁwﬁﬁwﬁﬂﬂuﬂﬁmxL?ﬁymé’miﬁfﬂﬁu’ﬂus:w%LLaﬂui:wL% (nsuUTTUa,
2536) Tag PO, luguves orthophosphate (Ortho PO, -P) igs davilsiiinnisiadayiulnognssiniives
amduaziin deldAnusngnisaiaingielags (Algae bloom) vilsAUsumesndiauluti (Dissolved
oxygen, DO) anasluneunansiu awalidniusUssammeld Snidluanmeiitadedug wunzauenareliiin
Us1n)n13a8d Eutrophication ¢ (11gys, 2536) ImEJam’i%’aﬁﬁi’mqUizmﬁLﬁaﬁmuﬁ%mimmi’mwaaWa%aIugU
ortho PO,”-P luthawnsadluldfuiedemsatauuudaluiffionsiatniusdenanlgiiuazieiulng
FAuUaiENI9119In 38 NIASEIU (Standard methods) Wluldlunaauildaidnisanyiinaasaiivazves
deflinannszuiunismanmaiaveaneda warldiuvamngidssdniihisszuulaln veaeuiBnsiiiauniy
Tnsasiafadleanefavesnivesssunalasisnsinautuiiouiuisunassu Inefasana nenvesidus
AmuamaeAsuvasa L dudueariata (% Error) mavaaasiruuelilaiAu 30% swidedldihanuedauay
Uan thessun saenauthdnaszifiniostunlilummeaes warlfindesaunlasTrlnfine sudaduaniealy
nsnaianeanesa Anvinnuiduduroanealutag 0-5 Sadnfudednstaulutisiifiogluthsssumi Sorasake
wazany (2003) l#dinsAnduitnisesnahelumannaienevieslseamaluindelnedunsandunuusiifis
Usgdnamnisldyanaaeu (Test kit) Tngldia3os Spectrophotometer (Hach, DR/4000 U) THinandiasiesi 1
UNRDAIDEN imﬁwmi@mﬂﬁuumﬁ 890 nm Wisuileuuitunsgulagliiaies Spectrophotometer (Hach,
DR/2500) 77835 Vanadomolybdophosphoric acid fmmmiamﬂﬁuuaqﬁ 400 nm  HANSANYINUIYANAFDY
WoalnLazIBumsgule % Recovery LU 95-111.2% wag 102-108.3% sudidy ethAmeaniilalngeyn
nadeurloainnUTBUTBURUAsIRsgIulufed i 52 dreg1e TasArloainvesmvadey
woamnoglutag 0.1-4.7 fadnsudednsuasamleamniililagiBnaaeuoamimnnsgrueglugis 0.1-3.3 fiadn3u
sodns Adusyvdavduiusseniayanaaeuiuiunsyuveshiisig Wy 0.8227 WenSsuiiieunisada
wudthisihinsnagounnadalifienuuandrsedieddeddy (p<0.01) Fsaguinmnaaounteainiitiufne,
Tiuanifefemnyaniiorliusvanarveammiasiuld uaz Bowden and Diamond (2003) l#finsfinwiaany
\fiesvesasiaivedds Vanadomolybdophosphoric acid Tun1sasiadaeaialanainansiaiifiengnisldanula
wiund1 1 8 msanvideediderldinieaunlnsinlnfmesslnduaniion Single beam) Uselomifilasude
ansnsaiisnmsivanntu R ueSestiolinneineauuasndunalfaunsoanmsiidigunsainsatanann
ihmadanadouuuudnluifondsemadsdnemgs anaafuasUiinuvesdsfifniuiniinimsata

2. 15999 (Research Methodology)
ANSHRIUIITNITASITANDENDSANN1TANATIANANTUABY LATINITNAABUITNISNNAILITULALAS 19NN
Anuduusindiieananuiianain taeidused

] ]

nMsnnaasedy (Preliminary study) Lﬁawﬁﬂmuﬁaaéwﬁuawqﬂ (Minimum number, N,.)) lng35n14
adn Ingldeanududunleanasaildanniiiisnsiivantusesituessdlueideilfinmaaeudesdu 14
fhoghainesssumletu 20 fregrmrinismageunNLLAnAsERRkAE IS LIuTegTites Tlaaiies
TdlunsvaaedaefimunauyfgIuyeInvaaes

v v

o v a

auyAgilunisneaestifie Arnudnturleanasanniiaesisie TonsiimuTuiUIsunsgIulidauuaneg
u 1A gy, = 0

5%
SN '

dlo p, = Anadevesszynsnguit 1 (unildeAadelaannisunsgiu AWWARAPHA, 2005)
b, = Adevesszriningud 2 (lundfeAnadenlianisnsiimuilaednulamianisunsgiu)
PNduagyMmegevauyAguillaglinismaaeu ttest il

[165]



MSUTERININM AT IILEUOHNANUNN AN
9 1Y) Do & o =
WIANTIULALNNTIANTTYAAIUNTINOENEIBU ATIN 2 Uszd1l 2556

amgasgmnisuuwinlszindlng

1. NIINAFBUANULANAIIALRAEVRINGNAIBEN 2 NaY FeagldlaegTs ttest UMAROUANLLANANALRRETDS
NAUAIBENN 2 NFUNEDA (NUNTING, 2541) TR t, FiR A t NFBIAUINLNENAGOUAIIULANAINTD
ARAY 2 NgY wa lUWSEUTBUAUAT te Y150 t, BAL0AINANT1NMANKAIAT t TIsEAuAUTRliY 95%

Weomuwiua t, laudliiieuiu t, lng

01ty >ty HaAIIERNSUALLATIU AD AAuTNTuEaNeTEIINTBN SRR TWYI AuAIANNuTu oA Ta
1NIBUINTFIY

2. MymarduIudegn (N,,;,) 39lde t, 9NN1935 ttest Faldamsnismaunisi (1) de

_ 25Dx (tcal )2
min 0.1x X

187 t, AD AN t AAIWINNIINNITNAGDUANLAFIUMY t-test seAUAIUYRNIU 95 % visenTeauludAgy 0.05
wazillo SD fip ALJ8auLNINIgIU (Standard deviation)

nsaunIsn1nsdaneanadaluguvaseanada

TunwddeasiinisldiBnisnsaaiavleaiesaluguveseslsweain (Orthophosphate) sneaunaluguneanadaly
e mg/l as P BnsiiannlnefaulaniniBuasgulagviinisdenansiafiannisnsnnsg iy (AWWASAPHA,
2005) TnefanaAnujAseniilid (Colorimetric method) usaziinisantuneuuazanansinife luldd i
(Activated carbon) fuduansilirsndluivesssumuaraniuneulsdld Phenolphthalein duduansiadialy
noaageundusswea tivesssumdan pH hlvlung 6579 ielazmndenisiiluuszgndlily
iwwTinmeauuvinduanfefieonuutlutasedu Visible 1§ fzuansnisananainddnsed 1 ol

M19199 1 uanaUSeuiieudsuinsgiusasIsnisiimunlasanaisniiuseiaiensiesesivoanaaluin

33 Standard Methods 35 Modified method

1L.nshaszineanssa 1. myesziveaneFadmsulaly
3%&1&15;@’1‘1«!@@&% Ao Vanadomolybdophosphoric  a1aaunu 35daLUaa1n Vanadomolybdophosphoric acid

acid colorimetric method colorimetric method

2. aswadifily 2. asindiily

2.1 Ammonium molybdate 2.1 Ammonium molybdate

2.2 Ammonium metavanadate  1Juanslid 2.2 Ammonium metavanadate Huanslvd

2.3 Hydrochloric acid 2.3 Hydrochloric acid

2.4 Potassium di-hydrogen phosphate 2.4 Potassium di-hydrogen phosphate

2.5 Phenolphthalein indicator 25 mInmaesiantuneulald Phenolphthalein indicator
2.6 Activated carbon 2.6 ﬂ’liﬂ@lamﬁafﬂ%umuiﬂ% Activated carbon
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mMsnagaudsMsinaundulunisasaianeanaa
ﬂWi‘wmaa%ﬁ%‘nﬁﬁﬁmmfgﬂumsmaﬁmmmL%uﬂﬁuWQaWG%mU?wLﬁauﬁ’ﬁ%mmmu
Vanadomolybdophosphoric acid method IﬂaiﬂjLﬂiaaaLUﬂimiIWImmLmawumammmm (Single beam) Immﬂ‘u
mamﬂfmmﬂmﬂmmmumamwuawam (Nmin) fi® muammmmum muammmmaiwgimu ¥ue
meamﬂmmwmamm thanunduhusnuseuuminedeineaseaniuasininsouiuainiivesssuend
(ImsmmmﬂmuulmLmuaﬁaga1sm’1mﬁgwuwaaWaiaaﬂﬂimﬂimman 0-3 mg/L as P) IngArnoanedad
wnzELiaNSAsITInvednitAe 0.6 fadnduseans (Tuduuarlnmssa, 2536) feghatAunmun s AU
syfumuAn 30 WURLATIINE (USEPA, 1982) Faazthineghaivesssumanauelunaaouisnisiivmunly
mM3nsaTameanudutuneanedasensesanlnslilndwesudaduanien S935nsuvadu 2 dude

1. maFeuiisuBmsiitautuiuitnessu dedshvesssumniuasirdnameiiniontuiiunnsose
519N Whatman no.l  uda Inewn3sudieghaianuuisnsfinmunuidedainesssuriuazii
Funsievifiadoniu 35 fadansunvin 2 3annsae 1) Faduduiug 200 Tadnduudndvasluluiedraiive
sssumRrEetduATERRnIEt USRS 50 Sadansuarilugn 10 Wiitdhe Mechanical shaker way3atily
nsosldifetne 35 fadans 2) Yndede 35 fadansiunisnseslagnss  thfethainvesssuminazii
Fupswiieiontuis 2 FBn1swazarsazarsuinsguiiwiondraduifuanslid fo Vanadate-molybdate
reagent 10 fiadansuazUsuusunaslile 50 fadansly Volumetric flask wazaaitslidszana 10 wifitilddndn
napANduAduLas 470 nm Yuuaslagldtindy 14imd i Bnsinautuldléviel annsfisrsane

1.1 Amaganduniuuas (Absorbance) TesiRnnsguuaziimsfiianty widesminmanaaouildfedng
SnunnnivSeitua N, Ssinrsanainaiaudu (Slope) vesaunsidunsaiindenanauduiussening
AnspANAuAduAsT 470 nm fuaradudurteavietaianingg aniBnsiivanTuiuitiasgiudiAam
SuildanvasdiatiilndiAsstunse lilognslsuasonuaduUseansanduiug (Coefficient of correlation, RY)

1.2, Weddudmarunanedourasnnudutuoaeda (% Eron) fednwriniBnsiiauntuiimnga
dmudszgndliluiaiossioniaauulasiimanududuloansfadimldainde 1.1 Fadudrarududu
weanlasannitinmsguwayisnsiauunmeatesidusanueannndeutesaududureanasa feigns
nMsfuiaNnTSa (2)

%Error = Csd —pm x100 2)

Cstd

lae?l  Cstd Ao Amuudurleanedavesdtegniningninmedsuinsgu

Cm Ag ANANLLUNTUNBEANDS VD 9910819UN NI IAAEITNNSANRIUNYY

2. MsmAdesifuimsnduiuanveseanadaiinsiudiunn (% Recovery) thfeghaivesssumuazin
FuarzifinTeutuiiunsnseaRienseAIunses Whatman no.l Usinms 35 Jaddns LWANANTAZANENINTTIY
WoaroSannududu 50 daansusednslulsunns 0.5, 1, 2, 3 fadansiilouazusulsunsidu 50 Jaaanslu
Volumetric flak Tlaranududuneanesaimauadly 0.5, 1, 2, 3 faanTusoansauasiu Ui lAsIEsaIL
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Wutunaanasan8ITN1SNNAILITULAL YN UNUSITUTIRLAL NFUAT 1S auTUN LLEUNSRLa WA LT Ud LAY
asiluaamauudmsieiusunaneanasanieITn1snNaL Y Ineiisn1snetl

o o '

U6 ’Jamaﬁwﬂaﬁiﬁuﬁmaﬁlﬁmu,axhiLaumﬁazawmmgmwaavxla%’aiﬂLﬁu Vanadate-molybdate reagent 10
findansuariaialy 10 willasUszanailuindmageaiunduuasd 470 nm uvasdlaglitindu arndutihen
n1sgAnduAduLaIeIIFIeg oS TR TRNLarldiRna saraneunsgurlearefaluifisutunsal
wasgruiiememudutuneanssavesthietsessaumianifuuariifuasazaneanmsgunoaresa 19
it sinautuduiiveusuldvield Tasfinnsanandrefidudnsndufumveswoarlasadingu

U3una iednwianugniesasisnsitaulunisnsininddignsnisAmuiuaunisi (3)

(Csp—Cu)

x100 (3)
std

%Recovery =

lae?l  Csp Ae ANAUTNTUYRIRIBENUNTIALATTaga8NInIg U (Spike sample)
Cu fa Armududuresiegailidnansazaluu1nsgiu (Unspike sample)

Cstd fio AnmududuvedansagatsInsgIuanaslufiagai

MnnsliTatias alumsiansandaauldiniinsivautuinsanududuneanedaluivesssumnale
TndiApsiuisunsgundelsl faranunainedeutesenuiduduresiiaesisuindesifioda uagainnism
Wesdusinsnduiuinvesieanedafins vy vilimsiuiniinsinaunauduisnsivensulsvsels dndan
AUAAIALAABUIZTNSARALAAALAA BB IR NS TR AILN TUTAs A nd luTumeusely

msaﬂ%’aﬁﬂwmmaammL%’&l%'uWaaW'eJ%’aﬁ':a%“s'msﬁﬁ'@um%u
MnBmsfiiautudimgandueduiasiinnueniadu 470 nm fenuuandsanAimsganduaduuasiils
PNTonsgIulutng LLavLuaamﬂmmmwmuwlmmmammmuaamﬂmaaLama fadunnaaosiazaiiangl
mmauwué‘lmwmmﬂmmmLéuuﬁuuWaaWaiammﬁmmgm‘waamﬂummﬁ@mﬂauﬂauumw 470 nm 1nT8N3
ity uazthnswiluneaeuietanivesssumasmau 20 feddlaelinisussuiisuanvesifudania
paratadeuveseudutureanlasadildannisnsinaumiuldnsmumsgutumanududureanadadlian
Basiianiuldnnienuduiuslnlifisufuianududueane fannismasguldnsmunnsgiudnda
wansnaiuvsela agals

3. nan13398 (Results) waz 4. aAuswma (Discussion)
- ) .. - ° o . K- | ..
NAN1INAFDULUBIAU (Preliminary study) iWB1#131UIUAIBYINUBEYIEA (Minimum number, N,;,)

HanIsnAdevaNyfigiunvadflasldanuuansiesenitemanududuneaneSannsiainainisuinsgiu
(AWWARAPHA, 2005) AuAIAMudunadnsanng1ainaInIsn1sinauIdulagantuadisn1snsiainainis
UINTFIUIE ttest HaN1TNAGBUUTINGAIT

t., = 1.395 (-2.024 < . < 2.024) @wiuedesaninslilafimessinduaien)
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@

Tn8A t, AUINAINGATANNTTN (4) Aail

(X, = X,) = (4, — 11,

tcal = (4)

ot = mmaaummLmnmwaqmmaﬂ 2 nay
Xq = mLaastaqmamnﬂaw 1 (uiitforiadeliannitunsgw)
X, = Auadsvesiosnnduil 2 uiitferadeildaniBimuitu)
U, = Anadsvesszrnanguil 1 uitiferiadeilldanitunsg)
U, = @hmﬁa‘uaaﬂsmﬂiﬂdmﬁ 2 QuitiifoAnaasiilganniswauniy)
WA - = 0 (Lﬁ'awmamﬁgm Ao AUt ueanesanntas IR liAILANANIAY)
n, = Suauegangud 1 (uiitAedeudutuneanasaanitunsgw)
n, = S1uaudegngud 2 Quitifemaududuneanasaanidimutu)
S,'= AANULUSUSIUSIMVBINENTIDE1 2 ngu (Pool variances)

= 2 [% {
F1 S,” mlsanngasaunisi (5) fie

S12 (nl _1) + S22 (nz _1)
n+n,—-2

%=

p

(5)

e S, = AMNUKUUTIVTDINGNRIDE19T 1
S, = AANUWUTUTIUTRINGUAIENT 2

m -2.024 waz 2.024 @ A1 t, ﬁ‘[ﬁtjmsaumamwaug AguargneeusunseUfiasylaeinaise Critical values of
t mzm‘uuammy 0.05 (AsLa%, 2540)

FRNWNANMINAFBUNUI L, > t, VUIEANNT BRUTUANLAFIUITINMSIRRUIUTALAALUAIEN1I$393RN
BuwmsgrulviameanesalainduiBunsgunssduanudeiu 95%

nMsuntdesigaivinzaun1vada inafeannisinmensesaunlaslilasiivessladuanies lavun

nauimegfivizaufe N, = 66.43 yAdeilidandiwauiiedis 110 Megrsdududiudiegafinannit N,
IgdmsunisnsiainAvleanesameiaunsguLagIsMsniauulnedaulaisn1snsainanisunsgu

[169]



MSUTERININM AT IILEUOHNANUNN AN
9 1Y) Do & o =
WIANTIULALNNTIANTTYAAIUNTINOENEIBU ATIN 2 Uszd1l 2556

amgasgmnisuuwinlszindlng

nsasiavlaaneiadeisnsiwanntulasdauwasisnsmaiaanisuiasgu

1. NamiwmaamsmwwmuﬂﬂﬂﬂmLuJaa'JsmsmqarmmmﬁmmmuLwammiqmmwgamia Hugsil
wanaLUisuifisunsgandusduuamowiiogsnnUossanmiuasihdaesgifinioutusiua 110 feeghdlay
fisananmeuturesnsmiindenseninainisganaunduuasil 470 nm uazAAnadnduoanedaildan
FunsguiuiBmsivauniuiisnganduaduuas 470 nm wuhnswiiaenduildannisinesguuagisnnsd
fimundusiaauilndifeatuinn WWnaenudiiussenineinisgandundusaas aududuoanosad
§a1n3Bunmsgiufie y=00207x  wazAnmduiusilianisitmunde y=0.0208x 1ile x Ae Andnududy
Woanasalay v ﬁaﬂ'wmi@‘mﬂﬁuﬂﬁluumﬁ 470 nm TaeAn Coefficient of correlation (R) A1 0.9886 way 0.9908
auddudaiandlng 1

KaAUpsiduinuranndeuresnudiduneane3a (% Erron sewineiBinmsgiuuIBnIsfiRaLIy ot
AasiduimuaanaedouesmaududuneaneavensnsInTasEIg 2 ThUesssvRuaziduase
AnsputuiiAnszning 0-29.7% Fslaifiu 30% FenndneguinvesssumBasindunseRnsouTuaiun 110
feg fleesidudnnueamndeuresruituduneanedalasiadefo 200 Fsieindnsgeed

naLUesifuinsnduAulnveaneanesannsuUSINa (% Recovery) vasionsiinaundulunisnsiainneanesa
PMNUFAATILANGTEUTY 52 Fr9819 nunAnUesduRnsnduAulvameanasains vlsuuveIn1snsIind
ANTENIN 75-122.7% Fadueiieensuldaesieseglugia 75-125% (USEPA, 1982)

sgtlsfimnudindianUesidudinnunainndeuressnnududureansiadinged nisnaaesiusieluTmenenu
anwesiduinnurainndeulaetiiAin1sgandundunasil 470 nm veniUesTsuYIRkazd AT TR T
110 fpg19nIsnIsiimnTukazArintuneanadangnaeenIBumsIuInas s ARSI

2. mandoRanarnfiiatuludsinaundulnensasensmianuduiusll

Mnuamsvaaedlude 1 wuhdanududureansdaiinsataanieitinsgiuuagisnsiinamutudean
Wesidudanuraiaindouvesnuitudurleanaadinigseg Fuhmaiauensmauduiuslnitudensm
anuduituslvaife nemiiaistuanuanmsvasosiildanAinisgandunduiasd 470 nm vesivesssunAuay
ihduaneifinieutulaeiswauniiou Gansldtututuduesfiuoana) fusmanududureanlasaildands
119557 (AWWARAPHA, 2005) @i 2 mqmasuaamiwﬁamﬂiﬂv\lmmé’uﬁuﬂmﬁa mmsamﬂﬁuﬂﬁlmmﬁ
thamdendufildasenisnisiiaudusaseududuremleantedadimildinitunsguasgniesaue Tny
nsmAuduuslmitiauetudmiuisnsinauntuieldsuindesadnlnsluln fnesvdaduauieaie y-
0.0187x (1wl 2) iile y Aerimspandunduuasdl 470 nm TnTEnmsiimutuiay x Ao Aenududuneanada
1NTTUNTFIU
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0.14 A
g 0.12 -
2
<+ 0.10 - ‘
© y = 0.0187x
g 008 -
& R? = 0.942 ®
8 006 -
(]
3 0.04
<
0.02 -
OOO T T T T T 1
0.0 1.0 2.0 3.0 4.0 5.0 6.0
PO,-P (mg/l as P)

AT 2 wanansmlanuduiuslrisenineinisganduaiuieasil 470 nm RNIBMIIRmLITUAIAIdLdUYes
WoaleFanlannisunsguiieldiunsesauninslvladivasyinduadien

¥nsnageuiiegnsiivesssumRsiuay 20 fedrlagldnmsidieudiou 1) Aesifuininunainedouves
arundudurearlesaildannisnisivauiuldnsinnsgu 2 auesifudamuaaaiadouresanuidudy
Woareailaanisnisiiamntuldnsmanuduiudlug  dhanwSeudsuiuaanududureanofannnis
11959 °UTINIMUINTFIU (AWWARAPHA,  2005) Fonurdlaiouiivuaanududuneanesalagldisnisd
wwmsuuﬂuﬂ'ﬁﬂ/\lmmmumwﬂummmmmuWaaWa'ﬁaImmﬁmmﬁmlmmL‘Uaswummwmammaawmmm
Wauduneanedaadode 14.11%  uddledsuiiisuaiaududureanedalagldisnisiiauiduiuns
anuduiudivlisutuAandudurleanedalasitunsgiu Idawvefidudanuaaiandouvesninududy
Woanodawadeio 2.85% wandliiifiuinisnsiiauniy (aldaususiuduasiiueanau) asddanunainnieu
nnBumsuanaadelinsvanudiiudlmllunsmnaaududuresioalada

5. @3Una (Conclusion)

FBnsiwauntuiie e iusinaleanedaluiiiewnIsusednni lng iilddufuiuduasfiuveanaunay
asatadeirsesaUnlnsinlnfivmesuladuanienfinnuenadu 470 nm wuindEnsivauniuiadiay
duduresoanasaldunnsnsanisunsgiu 30% lnsnaassfutindiesnadinan 110 feds  wasiilean
Wesiusnrueaandouiiag mimaaﬂﬁﬁﬂa%ﬂaﬂﬁwmmﬁmﬁué‘luﬂ%ﬂmEJwﬁamdemmi@ﬂﬂﬁuﬂ?{uumﬁ
470 nm vesthiegsiildnnnanieuiesdlagisiiautu fueumdutuasiimlfanisunsgu uasiaue
Wuaunseuduiudlmituie y=0.0187x (lo y ﬁa@hmi@ﬂﬂﬁuﬂ?{mmﬁlﬁmﬂ%‘%ﬁﬁ@umﬁu Uay X ADAIAIN
Wuduaseildnitunsgy  deldiinmsiiauntutvaunsenuduiuslmifiaue  wuidwdefduianu
ammndourasmdidurlarleSauani IS uRdsmAeliing 2.85% ﬁaﬁmiwmmifﬂmﬂﬁuﬂﬁuLLaaﬁ
Wmfﬁ%u1mgmuaz%%msﬁﬁmmsﬁuﬁmmemﬁ’uasgﬁw

6. NARNIITUUIZNA

nsdeilasunuatvayuanan tuidenasimuuiaunine1deinensaians (Kasetsart University Research
and Development Institute)
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Abstract

In this research, the objective is to applied genetic algorithm methods to design the timetable
university system with student multiple faculties studying together. Prince of Songkla
University was used to be a case study with 18 faculties. In traditional, registrar's division
of the university is responsible for timetable by timetabling first and then allows students
to register. This research aimed to timetabling only a first-year student of all faculties
in university. Which faculty service is responsible for teaching general education courses
to students, using the resource whole classrooms, teachers and taught only in the courses
of that faculty. As a result, the constraints conflicts in the timetable can occur not only
in each faculty but also across faculties. The course scheduling problem becomes more
difficult to solve. Then, a genetic algorithm is proposes for solving hard and soft constraints.
Consequently, timetabling system can use the resource and timetable efficiently.
This research obtained the software for timetabling in Prince of Songkla University.

Keywords: Timetabling; Genetic algorithm; Heuristics

1. uni1 (Introduction)
nsdamssaeufedudsiiinnudndunasdmasoussansamnsisunisasunsluaniudnu uanuinluyng
aemsnudymaddnludunsinsiuiaannisamasaou gandunslunsdanmaeusiiudiosende
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3oy vioudou e1msdaou nqutinAnw lenuinsdamssaoulumminerdeduduanuigendudou
lesnnidedrinuazfouludnauinn 1wy SuawiesFeunasussinnvesvioaFoudlilunsiFeunisaeuy s1uu
nauindny) TuIuseIN TuUe1NTIRARULATARsA Tt e UAUN9Y WY YuAANURtiBtTEY N13TR
THiounaneq audndeiu nsdansuaeuiadunssuiunsiidudounasiesefoninudavgugs n1sm
nszvaunslumsinmsuasuiielfiinanumnzanluividou enansdiaou feadou ndngns S1urunga
ndnw Sedimnuddnydusdits Snedidesfiansantadeuardedifusine Mieadesiunsdamsaoudae
suuliinsdnmsasululagiuiidymsingeg Lﬁmu'm%uﬁuﬁaammmﬁwmué’ﬁwﬁLﬁmﬁumumwﬁ’uﬁmﬁau
fiftogsniin Bnseinidaaouderumarnaisuindatudiionovaussarudesnisvesiiiou Suiliiidade
wazmnududeulumstanssaouiuniniy

AT ldeenuuuszuunsiaasaeulaslduninedoamwauaiunsfuuminerdensalfnw dudnuvae
ﬂﬁﬁ“}’mmiwaaumaqmﬁwmé’aﬂiiﬁﬁﬂmﬁlﬂuﬂwﬁmmswaauuuﬁugmﬁuamé’ﬂqm (Curriculum-Based Course
Timetabling: CB-CCT) Tnesiidiunisinnsnsaeuneuiinsdalitndnwamedouiousinedinanssaeudmsy
dnfnwudazvdngns Mntunmine1deissdaliindnwameSoudsunundngnsiininun Tasdiade
fideatestudnumznisdamageunuut 1wy Jndsuiinetmuamdieassviuladufaounasiiniessyi
UabiinAnwiamzideuldduauiinls vesdeuinsseyinluiesioulseinnlanasaiunsasesiuiindnuwla
$ruauiils Wudy wninerdensalfnuilinemefowarUszananadumbesnuiisuiaveulumsdamsiedey
Iutndnuvesumineds Tutlagtuddaliiinmsdanssmeuuuldyransiifnnudiuiglunisin G938t
Tsveznalunmsinnisdeudszana 1 manmsine sdiuliindusyeznafidentruusniuindotinnaia
Tunsdamssasudusuauinn wiludmwesmsuaniouresindnedidouty a11ensdeueteIass
Frdfouiu msunslitessuidousu FulefanaindinandmadeUsyansnnnisdsunisdewianee1nsd
waztinfnw luthytuissuumalulafansaumaiinaiannfomiilegisann dnstuneluladuldluuitym
#3 egeneenaiietisanaududouveansruiunisviinu ety
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2.1 M5INANTNEDY

mﬁfmm’maaawf]umﬁmaiiw%"wmmﬁﬁazﬂjmﬂmaﬂmﬁiw6] adlutisanfflndulumunumediindidesiu
Inquszasdndiosnsuniian [2] TnevhluudrdeyaiAedestuiagmnsdamsisaoutszneulufedoyaiiaiv
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psfumLFesnsuniign dwsunuideiideulufieruauysaififiansalunisiamssaoudsznaudas

1. MUl 2 vesseinideaiuliesdaliegluiuferiulneiuaiuing

2. ensdnnsaeuseinivssnieinliiuieaseulunmaivduden

3. Tuuslag TudlotnAnwiifiauidsuudiliasiamuiaiu 2 au ifiedeuluaudaly

4. TuwmazJuasiinistiuaiuingduan 12.00 - 13.00 w.

5. Tuwsaziuenasdlimsaeuinussensfiasonuiiu 4 Au

6. TuwmaziutdnAnwlimssawiviusseefnseiuiu 4 v

3.2.1 Mas19AnauL Uy

< ° Y o s oA 0 & & Ao o A aa a
dumsimuagduuulasiuleulidiivdgmnisdanissaeudsdioindutunsuiiddgyianresisnisiaiudn
Fanas7u nenmualaslulouidunisiaiamuaieitesiunisinnisieaeu tastulounisinnisisaaudmsu
NIV TLERI AN 3

v
(0.3}
=

L002 | LOO3 | POO1 | POOZ2 | POO3

v e

AN 3 Mviuasadululastulay

3.2.2 M3IWsAndu

\unsmaanumsnzasveslasiilenlunisnisiamssaseuitosumlasiulsumsseuiifidamumnga
wniigaiiiatdudnouvestlan Tnefimsudadashilsulidumsssounddmnaiidunnumngaudsinan
Animinveadeulafiisadostunisdanssaeuia 2 Ussianauitldsivualy Tnedladduingusrasduos
nsdan1ssaeudmiuinAnwinminerdoasvatuaiunide Aarsunliinanudandetuidoulely
nsdamssaeutiosiign vnnadwsalidulunuinguszasdiiloniafiozgndniden (Selection) ilsluduiuns

[178]



MIUTEPAMMIUALUNAUBNANUNNGIAINTTY
winnTTuLarMsIANITeRamNTINeEedadu AT 2 Usednl 2556

ﬂmn‘nmn nssuualszinalng

lunsyuaunissiely TusddeillaslulsuniloniagnidenuinianfelasluleuiiAinnumngautosiuned
Astangeiueulalunisianissasutes Tnan1sinalasialenlunsdnnissaauiiinaueinisinAanuwan e

nilsiduanumuzanvedlastuleuiifidmnumnzautosignazidulastuleuiinan Heiduanumunzanly
N3NNI NADURAAIAIAUNTTN (1)

fitness function = YN . (n; * w;) (1)
Tagil

n; = dwuesiidadeuls

w; = ddwiinvesdouly i

N = Pwuloulavianue (3398 2 Uszan)

3.2.3 Nsnsedlaies

\Wunsuanwdsulasluleamiousi (Parent)  Aldannns3lusinduursdou easislaslulsugnlviuandisein
TasTilwusiows WumsasrdlenmadtozyinliiAnlaslulengnipninlasluleamewsifdonn Tasthauanglaslley
firfiapanguteuntanynsuandsuiudiu fanideilliisnnsasealanesuuudifu (Order Crossover: OX)
Tnednunznsasealanefuuuddunansdanin 4 dsnstidunisuaniudsudiutsznauimunvodlaslaley
wouwlwdriidunisdniFesdmnuszney Tasdundulsznaussninmadniaesanuiedniivionuddu
FiduiBnsiimiidsunaiedulsznovvedasiuleuweudlumsaindaslalaugn (Offspring)

Parent 1 7 ) q 38 1 9
Parent 2 1
5 2 3 8
!
2 4 8 1 9
Crossover
5 2 3 8 1
{
Offspring 1 2 4 8 1 9
Offspring 2 5 2 3 8 1

AN 4 NN5ASPALBLIDSLUUARU
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ﬂn'lﬁ‘nﬂ'“ﬂ nssuualszinalng

3.2.4 Msiundu

Wumsasalasluleslmifiinsuandsudunelulesiuley TasBuusazinelulaslulsuilleniaiiazgnidenty
Msaduasuswmiaring fu Tumuﬁ%’aﬁi@i’ﬁ%maﬁaLmsi'fuLLUULLaﬂLﬂ?iﬂuamﬁ;m (Two-point Swapping Mutation)
BrsHusduluuwanideuaoauanadianmi 5

Offspring 1 6 4 7 9
New Offspring 7 6 4 1 9

A 5 MstueduluusaniUdeuasya

3.2.5 NINEANITAUMN
\Wumsimundnnuguineglinssuiunsanansavhanauldsnuussnnsinfuswuiiidedomnis Taegide
\ugifmun 1wy 100 500 ¥3e 1,000 MueumIzal Welusunsulddwnusuiidesnisuds Tusunsudvinns
eondneuiimanzaufigaunandoyaiamauas I sunsuinganmsineu

3.3 nsiaunlusunsulunismdineuvestlywinisianssaeudvivuminedefidtnAnyvate Az eu
e

ponuuULaziaulUsunsuandoyauarisnisilénunul fagldlusunsy Microsoft Visual Studio 2010
(visual C#) uaziFeusefusruugutoyalusunsy Microsoft Access 2007 Tnslusunsuildimuntulsznaudas
3 g ldun dhusutoya drumsuszanana uazduuansaadns Ssiivdnnmshaude dusutoyassiudeyaiign
Soudlaefld daumildilunisussanonawasBnanmdeiaivllugudeys mntudutssananassfstoyaan
gudeyanussuiananuiznismuaindanesfinuarldnadnsidunsaieuveanguinAnw asisdeuves
91938uazmaemslivieaiou lnomseilidummeivnzauigalunisianssaewin@nviiludmiv
UINYRYAVAIUATUNT

4. afiUs1ema (Discussion)
nsmwnlusunsurauiamesdislun1sdnnsvaeulagUssandldisnisnaaudndanesiulunismaineu
ﬁm%’uﬁzymmﬁmmswaaulmzﬁuwﬁwmé’a1“': finslalusunsu Microsoft Visual Studio 2010 (visual C#) Tu
madeulusunsuaeufinmesuazideudetuszuugiuteyadadutoaiamaiiieadestunisdamssasulae
giudeyaildlusunsy Microsoft Access 2007 udal#3smsmaanuindanesfinlunismemeuvestiqmn villils
TWsunsuaaufinmestslunisdnassaeufivnyaufuiymnisdnassaeuvewninedensdanwuay
wninedeifiteulvnsdnnseaeulndiAvety

5. d@gUwa (Conclusion)

mAfedifunsimdnnmaauindaneifiunussgndlfiieainsusunsutglunmsuidgmnisdamssaou
Tunstemesaeuiimnganfignlnofinnsanamieulsiifeadesiunsdamsaou asaouilddoslsl
asfinfoulutsdunarazidaeuluiiomuauysaitdesiian lnefldiuvdnveddusunsutszneusie dwsudeya
dutszanana wavduuanmadns fedusutoyaaziudoyaiamnifedesdmiumsdamsaaeu uddsdeya
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ﬂn'lﬁ‘nﬂ'“ﬂ nssuualszinalng

wianiulUSsehulssanafiedignssuiumsmaaindane3iin TnsuansadwsdumsaSouresnduindng
MEEUTB8"115E warmsenslivieadsu nannmsiuasilvlElausunsuresianestalunmsmeney
Fungaudndulamnisdanisaey fannuindedovediusunsudalaenisilSeudisuseninessaoudils
nlUsUNTUABNNAABTAUITA1TIAMIT IR UL U UIANAR AR T 1vaaulag iU srauntsaluaz gyl
N15IAATNEDUY

dmsuauiiazandunisdeluluswianfosniunisiaunlusunsursuiinnesludiuussiianawazdiunans
HASNSURINITTARIS9ER UL mﬂﬁ?uﬁwmimaauiﬂmnimmﬂﬁagaﬁwumﬁmﬁ’umﬁmmiwaauLLé’a
Wisuiisunadnsiunisdanissaeunuuiy Inonadnsilasesiaziindeulaiildtmuals Weluswnsy
ﬂa:uﬂama%‘zhsﬂumsifﬂmiwaauf‘jﬁwmm%LLé’mzmmiaﬂﬂﬂ%’mmﬂswaauiﬁﬁuﬁﬂﬁﬂmszﬁw%@apm%aq
winAngdeaswaiuasunsls wazarusailulddansaeuluamine ded ug Afldnvaznisianisiaey
adefuld §elusunsuneufinneddislunisianisisaouiivaeldnissanissasulundazninnisine

P
=

HUsEAVEN N Wan13dnnnseaeuiiussdvian ndmalinun M sANwITeniIne 1&eRea
6. AinANIIUUTZNA
unAHlASURUUATUAYLUINEILIINUNTIVEAEEIUAIUATUNS
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nmqnmwnﬁuuw’uﬂi:mﬁlnu

nsUsuautRvasnduuznir e liiluundivlansedngnaivnssy

Modification of Coconut Oil Properties to Use as Industrial Hydraulic Oil

UIsyayn Fudaun auAa L‘ﬁuqasim, UAT ANe129A
MAIYAMNSTUASEINa ALAMINTSUAERS W InedenTedll
239 aUWELAY AN 81nekles Janinledlval 50200
ps-23325@hotmail.com

UNANED
Av oo ¢ A wa I ) | '
NUIVYUHINAUTZAIALND R TIVABUAUANUAAINULUUNTATIN (TAN), N1INANTDULLNUNBILAT, ATTUINNDI

q q
v v
o w o

yosendloTdluiii uazmnuduniudenisiineandindu (Oxidation Stability) vestinsiusswiudans
wazthsunEndnaNasiueendndy (Butylated hydroxytoluene, BHT) wWisuiisuiuthsiulensedn
MnmanIsAgey wut Ynsusgndva 2 oie fiAnAudunsnsIuLasN1SAANToURALVIOIAIABLTIIE
uAfinantsuannesveseleTdlutifuiiduasfifieunirfuthiulensedn daunudunudeniaie
oondinduiinnaeuseisdes Differential Scanning Calorimetry (DSC) Hu wu 51ﬂumw%ﬁ’m%qm%‘ Wy
ihifusgndnauasdueandindu Sarudumuseninineandnduldtosniniimilensedn lnei
Oxidation Onset Temperature (OOT) 11y 212.58°C, 220.15°C W@z 232.05°C AUa1RU wonniile
Yrnsfulgndng 2 viln Tumsamsineentinduludeu (95°C, 168 dalaa, AuuuTsennaa) taeldns
wiEnusugeuiiten wdnhunsaseudenudunsnsiu (TAN) i difusgniuiansien TAN
aetunnn Tuvafitdussni e siueendnduiian TAN gitudndosduietuibiulensedn

AdAey : nuuensnd ; Anuduusienisiineandindy ; Uifiisnlensendingdu (Tiewi)

Abstract

The objectives of this project were to examine the total acid number (TAN), copper strip
corrosion, swelling of an o-ring in oil and the oxidation stability of pure coconut oil and
coconut oil with an antioxidant (Butylated hydroxytoluene, BHT) in comparison with regular
hydraulic oil. It was found that, pure coconut oil and coconut oil with an antioxidant showed
relatively high values of TAN and copper strip corrosion. However, both oils showed very
low values of o-ring swelling, similar to hydraulic oil. The oxidation stability test, using
differential scanning calorimetry (DSC), showed that both oils had less stability compared to
the hydraulic oil. The value of the oxidation onset temperature (OOT) of both coconut oils
and hydraulic oil were 212.58°C, 220.15°C and 232.05°C respectively. Furthermore, when
the oils were tested in an oven at 95°C, 168 h., atmospheric pressure, with an iron catalyst,
after examination, the TAN was found to have increased a lot for the pure coconut oil. The
TAN for the coconut oil with an antioxidant had increased only a little, the same as the
hydraulic oil.

Key word : Coconut oil; Oxidation Stability; Butylated hydroxytoluene (BHT)

*
[

Usayey1 Jutmun
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1. uni

thtuihifundeduildlunugramnssudulmyrdsldaniiuiinndendundn fefinssuiunmawdn nisldnu
aaenaunIsRTdHansynuiednden Suilinansq Ussmaradamuasentingdaymnsididundedu
finanantlnaden Uszneufuanudesnislititundeduiigeduegiwioiios femminisiiduiie sghadu
B dsfunend dhdudavdes dudu swdnduisunseiuununisiiisuiinsdeuddauddy
ity wsgiinnuduinsdedauanden wazamsandnldioaelulssmea lnsanssnuvesdiiniasygia
nanns Wl wa. 2550 wudh Ussmalneddnenmlunsinsugnuasnanfisdtuegasunaundumiiduunn
flgniia 6.39 &usfu sesasnAe wEnd1 1.72 1wy wazdumdes 0.20 dusy mud iy

ihifuleasedin fe didundedudianisilldlussuulensedn feimildegrenfendugpamnssiaunnuszam
Tnensiulensednazvhmihiduassnandumsdahdsludgunsaiinuroneiesudiuianiasinana naanau
vhwthiivaeduiiunasiisssuisnnudou Maiusiumslidhiuleasednlutsumdlne Sslawumsmenudaiay
Umnansldidaau udananiunisainanthdundeiunislulssmaiiiinisesiniunnivlavesnia
gnamnssy Suiildaemenldimamsldihilensedndadutiafelunminureuniosudiaziaiosinama
sty Fefoyalud wa. 2550 UsemAlvefuiinaumssminetitundedugeds 400 dudnssiot Tauadu
duvesidundedudiniueueud 60% waztdfundedudmiunugaamnITy 40% luraedid we. 2552
USinaunmssinesnsfuvaeaufifiududu 500 A uanseel s Goen s1eglws, 2554)

nslihifufinieoduingivdmsurdmhiundedulutagiudeifiossnn esmniifufindiauatesdmnand
seaufounaznsiinufAzeteendiadudii (Lawal SA, 2013) wseilassairmaaiiiulasndiveslsdd
Usznousonsalautulidusadudaulng 3eilndenannldioniidiudlnsden s?}qmﬂsﬁmﬂamm Gawrilow 1.
(2003) uagiiady wwillvlayana (2552) Fldussduanuinumuienisineandindu (Oxidation Stability) ves
thifufiy wui shifuseninian dafundedsinbiuendnamiauduhsundedugnamnsssFaimile

TrguszasrvesnuideiifiensnsivaeunnautinisaiilesulazUssdiuanusuniusensiineandindi N3 2
g leuA Short — term wag Long — term Oxidation Stability test westnsiungninnvuduagldinasau
pandnduiieuiuindiulensedn

q
v ¥ '
o w A

thifuitugu (Base o) #4339 7 2 vila Wud (1) dhifuuznimusavdviauilag 9 newfien Tdanuismbiy
ugnd1lneg e wae (2) thilansedn nsm 1SO 32 8% Trane Idanuismididosquiuaud S dmsuans
fuesnntu (Antioxidant) laun Butylated hydroxytoluene (BHT) ¥fia Analytical grade mmu’%qwé >99.0%
InuFmg deumned $1in

2.2 Toiw38usIeg

Wuiegne 3 alia laud (1) induuegninuigns (2) didfutendy + 3%BHT wax (3) uilulensedn lngiuns

wia#l 2 wssnlaannnistians BHT anududu 3% by weight nauduisiuuenit wazlinuseunionmal
o % 9 % I3 a & =~ v o 5o @ X a Y Y = |

60°C wiaufuniumeanuTiAiiduat 40 uri uans BHT waudiuvihduduledeniu antuidusld

ke Uadliain vl igaumaiivies (27 - 33°0) deuilunaaeu
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ﬂmqmﬂn I'li1NIIM.\\lh=lVlﬁ‘lVl!J

2.3 MInsvdeuAmauAnILal

e v e
wuaduy 3 AU Asl
23.1 anudunsasiu (Total Acid Number, TAN) Mad@oun1uu1nsgIu ASTM D974 Tagld3Snslnmsminsiv
fegraneansavarslnuna@eulansenled (KOH) Aududu 0.1 molL wdgmsivisuuwlasdvesduiinimes
nUuFsdmaninlauAwIumAl TAN suaun1si (1)

TAN, mg KOH/g = ((A — B) X N x 56.1)/W (1)

dle A fio Usuna KOH g lmmsminsiudiegha (ml), B Ao Usunas KOH #ldlnmnse Blank (mU), N Ais aanuidudu
299 KOH (mol/L) wag W Ao uuiinidusieg s ()

2.3.2 MINANTOULNUNDIAY NAADUAINNINTFIU ASTM D130 Tngthudunewassnidluindudiegianussgly
waennageudutlusininfignmgl 100°C WWukan 3 Tl WeAsuraimun I URUYBIANYTATINEE D0
wahlUwSeuiieusednisinnsouiunnsaunsgiu (anmi 1) wieuduliasiuu

ASTM COPPER STRIP CORROSION STANDARDS

4a | 4b | 4c

CORROSION

la |1b | 2a 2b‘2c|2d|2e

SLIGHT
TARNISH

MODERATE TARNISH

TARNISH

AN 1 52AUANIIIANTOUMUNDILAINILLINTFIU ASTM
2.3.3 N130NNB098791e3elulNY adeunIuNInTEIN ASTM D471 Tngtnendle3a (819 NBR) unwaluungiy
regne wdnfulifigamall 38°C Wunan 168 Falus Weasunaiivun Jahe1deswnianisuinnewien1sde
inliniagAamial % nMsiuasuwdasivin auaunisi (2)

AM, % = ((M2 — M1)/M1) x 100 2)

e AM fie % nisiasunlasiiminuesensless, M1 fe dmtineislessnsuugluiniudiogns (o) way M2 fe
Umnenslosamadluihduiiegis (o)

2.4 M5USERIUAMUAIUNURDNISIARDBNTLATU

wuadu 2 dau fe Short - term way Long — term Oxidation Stability test Fafis1eauidonsail
2.4.1 Short — term Oxidation Stability test
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amqnawmmuu’aﬂxzma‘lnu

4304 Differential Scanning Calorimetry (DSC) &%e Mettler Toledo U DSC-1 (Fannd 2) ilewan
Oxidation Onset Temperature (OOT) ¥8sUUAIBE1 MIUTTUINTFIU ASTM E2009 laenaaeuigiagumngil
40 £ 450°C neldanneingeandiau

AW 2 13e4 Differential Scanning Calorimetry (DSC)

2.4.2 Long — term Oxidation Stability test

Hagiufimanndeuagnansifetu atuegifuravonhiundeduilldnu (Fwmns1ed 1) Tnsanadedlssese
nsMAABUANLATYRS Erhan S.Z. et al. (2006) Tiligau (Oven) iushauaugumailunisumssufisseendindu
vonisudheg Salitelsiuieu fe fgunsaluasBmanareviilidudou wideideresisd fo e maaeuuny
(Fox N.J. and Stachowiak G.W., 2007) fﬁwmaiﬁ%%ﬁﬂﬁﬁ@uuﬁﬁwmaau%ﬂmﬂmaﬁwﬁﬁﬁmmgm ASTM 2893
, ASTM D2440 uaz ASTM D943 shensifiugamaiildunisaatn 85°C 1u 95°C wiaufuiindassufazen
(Catalyst) i namdnuSonamiasuas vu1a 20 = 30 mesh ielindnsINMsIAnUfATe0onTInduLazaniia

210N

dnsuisIananus T uNIUson1siineandLatu (Oxidation Stability) veuniudingns uidelazly % n1s
wWasuuUasmanuduninsia (TAN) uazAanunidaausningd 98.9°C udarvun

A519% 1 1USBuLiisuan1enageu Long — term Oxidation Stability 909unsiusieeng

GHEPEAIERIY Nl Erhan SZ. et~ ASTMD2893  ASTM D2440 ASTM D943
al. (2006)
wiindiy nfuvdedugiy  didundedu didundeduvy  dndundeudas  wngduus
Wi Uiy useiuge

gunsalatuA oy oy grabinnufou  owlvianuieu  ewlvianuieu
gaungnil
M - - 21MA 2ONTU 2ONYIU
qmmﬁ 95°C 85°C 95°C 110°C 95°C
NANAFEIU 168 wul. 672 V. 312 vl 72 %39 164 By, 10,000 .
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GIRPIATGI)] Q”Iuaﬁlﬂﬁ’ Erhan S.Z. et ASTM D2893 ASTM D2440 ASTM D943
al. (2006)
fsalfnsen VowAIaman - NBILAY uazneuny
Wan

AU ® Total acid ® Total acid @ Precipitation ® Sludge and ® Acid number

number number number Acid
® Kinematic ® \Weight loss @ Kinematic products

viscosity at viscosity at
98.9°C 100°C

3. NAN5IBUAZBAUTIUHA

3.1 wanvaeuAaNTanaAll

Audunsnsau (TAN) L"fJ‘uQmau‘ﬁ’ﬁmnLﬂﬁaﬂwn%ﬁaﬁﬁwﬁﬁgmaaﬂfﬁwéa?{uqmammm esananunsoldnia
pziumusussslunmsiandeutuduiiiulavevesnieseuduiondosinanald nanie Babsundedudan TAN
G arusuusilunsiansoududuiidulansfasfisdumalude (Masjuki HH. et al, 1999) fviuthdundodud
#3emasiiAn TAN s

A15197 2 nansnsIIEeUAMaNUAnInAivesiuiieg1

AaudRLUoAY YiAveIdTuiIeE1
WuueniIuTans  diduuensn + 3% BHT wiiulansedin
ANudunsnsan (mg KOH/g) 1.14 1.16 0.30
NFAANTOULNUNDILA b 1b la
NMTUINNDIVBIL TSN 0.6223 0.6175 0.5399

(%)

WA : a, 1b ganuvsngluning 1

NA997 2 wanamanIsnsIIEpUA TAN sasiifufiegng wui tifunendnusaviuasthifunendn + 3%
BHT @aflen TAN @i 1.14 uae 1.16 mg KOH/g audisu ﬁmqaﬂiﬂﬁwﬂubmaaﬂ (0.30 mg KOH/g) agnadiu
i vedldhiumliudeostumstanseutuduiidulaveiilifdaioutuihiulensedn fdunalfannni 3
uansHansianouLiumaaenhiufions wut ‘13’1ﬁuu3W§nu§qm'§uam§1ﬁumw§n + 396BHT Bafien
TAN g9 vilusiumeunadsusefudnisinnseuan 1a 10u 1b Tusneihindulansedn wui usunesuaslsl
WasuszAudnisinnseu Tavegiiszdu 1a windy Jsaenndesiudeyaves Lawal SA, 2013 MUSsuliioy
anandilumaJumvdeduvenisufiviuihiullnaden wui dhiufedauauiFlunisvdedud willaoms
Hastumsiianserlaneiidesniniulinnien Teannsaufulpnuaudirnanliituldfensfuasia
A 1wy arstesiunisianseunazansanaudunse Wudu (Gawrilow 1., 2003)
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m Coconut + Hydraulic
3%BHT ~
e v iy

e ry sy

"

(n) NeUNAABU (¥) aeaaUy
AW 3 LARNAUSEUTIEUNISARNTDUBHUN DAL UG8

drunisuinnesesendlesslutitiy (Fam1519d 2) wuin Yisiunendaana 2 wie vilkendless @19 NBR) finnns
vinnesnnniisiulenseaniisadntos fefiansanain % nsiwasuulasiminussenslesafiugluthsiu
ugwinileganimingiulensedn (0.5399%) waiumaznsaluuussialuthifusendnuazdeiainnudu
Familoufu %‘aﬁﬂﬁaummJaqﬁﬂﬁumw%ﬁamadaummmLmiﬂ?ﬁuLLazasmaL%’ﬂU‘Luﬁwm gnlodle Faduly
A1uNNVeY “like dissolve like” (Chai A.B. et al., 2013)

3.2 Han1sUsziuANAUMUBNISIineBNTATY

3.2.1 W& Short - term Oxidation Stability test

fia1307971nA1 Oxidation Onset Temperature (OOT) Yot 19E1 6‘3&Lﬂumﬁ%ﬁ’mqmmqﬁﬁﬂqmﬁﬁwﬁuﬁuLﬁm
pondiadu Baflen 00T ¢ Avzuansiniduifnoondiaduldie uasiuuliuogmsldnuluaiessuiuie
idosinsnadeudieh ililissernisiudsumethiuduas dafudnsundeduiinfenisiidn 00T g

235

232.05
230

225

220.15

220

215 212.58

210

205

Oxidation onset temperature (°C)

200

Y ¥ % 2, % =
WIHUUZWIIUIEND UIHUNSWIND + inilansedn
3%BHT

A9 4 wanraSeuisuan 00T vesitiudlag1aitaainesas DSC

9T 4 wansraIeufisud 00T senitfusneds ldannaies DSC wudn thifunzwdian 2 i flds
ninhifulansednegnann Tnsansidungndruavsiiiavhan wihiy 212.56°C Usdlddnisumendnndan
Frumusienisiinesndaduiisininiiulonsedn esndtuiivilasadroaniidulasndiwoslsai
Usznausensalutulidus wu nsnlewadn, nsalalwadn wasnsalaluadin Tuﬂ%mmﬁmﬂdwﬁwﬁuﬂimLé‘&m
Fevhlnimnudedhsienisiineantintugs (Adhvaryu A. and Erhan S.Z., 2002) maamﬂaammauaﬁuaq Fox N.J.
and Stachowiak G.W. (2007) ‘vﬂmmanmamimﬂaaﬂmmwaqumwaaau%mmmuwm wu dhstuitaiienugig
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mMusensiineendndudeutni Wedudatueendiaulusmauasaudeusstrasdiitiuinnisdenanin
70 wasvhlvinsufinaaiinismenmuasaiiuAoulaulivengauiunslieusn wu Samumiiauazai
Dunsafudy fenuduanas uasiandumiuiiy Wudu fomednsiaundfuielsnudfundedy
Qmﬁﬂ‘wﬂiiu%ﬁﬁf’]Lf]uéljmflﬂ’]iLﬁmﬁ’]ﬂﬁuﬂmﬂ'}wL'WIEJ“LJ%IU‘LJ§d1ﬁﬂ3’lllG’f’mw’lu&i@ﬂ’]iLﬁ@@aﬂ%m‘ﬁuasﬁu

e ™ 1 Cooorut + 3 Pecnt 841, 27.02.2013 120617
Coronut, 27002013 125658 Coverut + 3 Prcen BHT, 3,130 mg
Caronut, 33600 g

B0 B 10 120 140 ¥0 160 W0 20 40 M0 W0 N0 M M W B 0 a0 b

4 e B0 10 10 40 140 180 200 220 240 260 20 W0 2| M0 M¥0 W 40 420 %

0 2 4 6 8 0 12 W 16 18 0 2 M % B N T MW B B mn 6 2 4 8 8 b 12 M4 18 18 d 2 N 24 B B 2 M % »® mh

g
=

(n) Ydiusens1IuIgvs () ndfustgni1a + 3%BHT

At 5 uansnsuaze 00T vosisungnduiavsifisusuthifunsnin + 306BHT
Fanmdl 5 uanssaiUsudiousn 00T vesthifuszninuandiuihiuuznd1n + 39%BHT nud ttunendn +
396BHT fifi1 00T ganitindusgniudavs Inefiauvinfiu 220.15°C uag 212.58°C AMudAy wanaInN1sifs BHT
Feliien 00T vesthifungndnusardiiuiu uazdausldimuiunudensiinoonfnduvosifungni i
Findifiu Ssaenndostfunanisinuiues Shama BK. et al. (2007) finadeunanisifiu BHT adluidudavdes Tng
n329dauA1 OOT feiA3es Pressure Differential Scanning Calorimetry (PDSC) wu31 BHT aelsien OOT aas
ihifudimdoniudy uasmadufirnmdudu 2 81 4% by weight ffian

3.2.2 @ Long - term Oxidation Stability test

N1504191N % NsUAsuUasAANUduNTATIN (TAN) wazAIANUNLARWLNRT 98.9°C vatiusiat1afinu
mMaumssuisereendndulugeu (95°C, 168 Halus, Anuduusseinia) lngldnanandudasejisen delina
f19tl

o anudunsnsau (TAN)

Fanmdl 6 wud A1 TAN vpstsudiodieynadaduwalinfutumussernarusslugey nsawigiy
ugnEIUIANE wden TAN Wilsuutasgaiian Tneifisiuain 1.14 18u 1.25 mg KOH/g melunan 168 #3lus (@n
Hu 9.65%) dhuthifunendnn + 396BHT wudt fidn TAN Wasuwlashnininduugninuignd Taodintuan
1.16 \{u 1.23 mg KOH/g ey 6.03%) dslndifsstuihiulenseandifiaduain 0.30 u 0.32 mg KOH/g (Aa
Ju 6.67%) uanadn nsiiiu BHT awnsaszasdl TAN maaﬁﬂﬁuuzw%’nn%a‘w%{ﬁﬁuﬁmﬁmmﬂmiLﬁmaﬂ%m%’u
16 Fademndesfunan1s@nwives Erhan S.Z. et al. (2006) ﬁwmaaummﬁmmuﬁamuﬁmaaﬂ%mﬁwmﬁwﬁuﬁm
mama‘umiﬂumawammu 85°C Lﬂunm 28 fu nu thifufiefihunafuasiueondindu fnsdsuulas
A1 TAN disgushninddufisuians idesonanssusenfindunsshmiinditdesiulilioyyadasefiAnnnufase
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sonBinduveniduiivnedTudn lneagyhaeujisegnldveseyyadasyauinluasusenounianuato s
g4 (Fox N.J. and Stachowiak G.W., 2007) #slsiiinaLdsausiad1 TAN vaeusiy

L~ 140 1.25 123 H tusa 0 ol
¥ 114 I 116 C g
é 1.20 e M ymdi 168 20K
¥
% 100
E
2 0.80
&
% 060
'l
E 030032
a3 040 3002
E 0.20 i I:
5
0.00

e uEe  ndueendn + indulaasedn
3%BHT

v aea -
H’Jli\iﬂaﬂim - bian

Ai 6 NsAsuLUasAn TAN gesdndusitegneiiiunsuusdlugou

o aruvilnAInAng 98.9°C

et 7 wuth vianstssshiushegtadunm 168 Halus thiuuenimuiaviuasiifungndn + 306BHT &
AAnuninAnindeudrsnsiruisfuihiulensean mteradumsesssumpvesinsiusiedraadosise
annzildvagou T\]WI’]I‘M&JfﬂiLﬂ(ﬂEJEJﬂ‘ULWUuEJEJI‘L!%WU‘VIGHLLauVIWIMU’IiJUENm'ﬁﬂHWﬂi’m‘ﬂu@]ﬂLumﬂ@ﬁ‘lﬂ Tuvaed
NanN15AN®1989 Krzan B. and Vizintin J., 2003 wmaaummmumumamiLﬂmaaﬂmmwaaumumﬂmummu

v a

FeufuthiudTasideu Im‘umLia‘[,umiawmaawqmmm 95°C 1Wunan 72 Falus ndunuin Thsunenuny uil
ArunilaAudniiuvuaninhdullasdeuegiwnn Slaudiiunanisfnunlaileniniidunenuny full
Ysunaunsaleduliddudias Jviedhidenisiineantiaduiasiinisidsunlasaimnuniafudnladeninuidu

wgnd1 Fedivsunansalusiuliduse Jayadas N.H. and Nair K.P., 2006)

7.00

iu ' 3
544 543 5.48 545 542 543 lf“ﬁ,q ’ mzm
6.00 I H yuisa 168 dlua

[

4,00 —

5.00

98.9°C (cSt)

3.00 —

ANulaALLAGn A

0.00 —
vniuenvigns  dniienfn+ uniiulansedn
3%BHT

v 1 ean -
ﬂ']ﬁ\iU{]ﬂiU’] : WaAn

o 4 : 4 a o d . 2o oo o Ca v
AN 7 NMIUABULUAIAIANURUARALULANN 98.9°C ‘U’ENUWQJ‘L!G]'JE]EJNWNWUﬂ'ﬁ‘UNLiQSLUQ@‘U
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4. d3Uuna

Kannszauantimaad wui ddusendnuiansuasiiiunendn + 3%BHT Sanauifnnudunsnsy
(TAN) uaznisianseuniunasunstesninisiilensedn daumsuinneweaseidlesdutify wui tsfuuznin
W 2 %dn v‘iﬂﬁmﬂa%LﬁmmimuwaaLﬁﬂﬁaﬂﬁ?’fﬂﬂ5@‘8@5’1113’111’1418@3@% é’m%‘uwa Short ~ term Oxidation
Stability test Wu" umumwmamawaum Oxidation Onset Temperature (OOT) m‘wafﬂ (212 58°C) ueikiloifn
BHT azaelvidAnfiadiy (220.15°C) szml:dumam dumna Long - term Oxidation Stability test thy WU wdaUase
mil,ﬂﬂaaﬂmmmiumau A1 TAN youisiue Winmawﬁummmamwmuuu N517 + 3%BHT wagdanuin An
AnilnALNANT 98.9°C vawisiutznd e 2 vila ﬂauwm‘wLﬁuummﬂwmulamaaﬂ

satiuaguledn ddunzninddneamiaziaunduiiulaasednanamnssuld  waznisiia BHT faelidndu
UENFIAUMUFENISIANDRNBATUATY
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Study of drying chili with vacuum dryer

Teyald Geuna, ussiaa Tugndad, 163 ey
ANUTIYIINITUASEINE ALLDIAINTTUAIENS
umIngnaemalulagsvusnaIite
9.1494 289787 90000

banyat.niyomvas@gmail.com

UNANED

el vguszasdifiefinuniseuuriadnitanmeausulueseuiadiniusena Tas freuuiiad
anwadunsinszuen uaduruaudnaanigly 0.255 was 813 0.30 wAs InVin1INAaeouLi
W3n $LanaEuFY 200 ndu ﬁqmmﬁ 50, 60 waz 70 s walTed Inesnwianusunieluiosounsslii
10 cmHg (gauge) wazazshnsiSsuidisufunisanuiandndouaunn Ineaaen1saaosass
szezalunsmaaesie 9.00 - 16.00 u. iunan 7 $2lus Mnwan1TAaesiIEgoULImENTian1IzAN
fuluvisouiidndinitussennia wuidnaniseuuis (%db/hr) Yean1seunianiniian1igayiniailen
winffu 24.8, 27.3 uaz 33.0 dmsugumgiiouuriadl 50, 60 waz 70 aarniwalTya AuAIFU daunnTINLS
WINFIBUAILAR T8RN (%db /hr) TsnITeuuIRAsWIiY 10.2

AdAgY(Key word): LASRIURNTIANTIZAYINTA; DUWAS; W3N; ANNLARA

Abstract

This research aims to study the performance of a chili vacuum dryer. Dryer has a cylindrical
shape with 0.255 m diameter and length is 0.30 m. Initial mass of chili to drying in a vacuum
chili dryer is 200 g. Temperature within chamber is 50, 60 and 70 degree celsius and vacuum
pressure is -10 cmHg (gauge). The experimental result will compare to chili drying in direct
solar. Experimental period is 7 hours per day between 9.00 am - 4.00 pm. The drying rate
(%db/hr) of chili is 24.8, 27.3 and 33.0 for drying temperature at 50, 60 and 70 degree
celsius respectively and 10.2 (%db/hr) for solar drying.

Key word: Vacuum dryer; drying; chili; solar drying
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1. uniin (Introduction)
nsusinresvesaulng fenmsvanestiniidessuusenmusiutunsnuie 39 lminanudndunaedesinnig
wUssunnninan Inednswdauidhusziuaiatou way seaugaainnssy [1] mandandnuidlussAuasauseuid

NISHARMIEITIE 1Y NFUIMENAANININLAA YIFD NTOULIININAEFOUMRNSN NS UILEIDTIRg [2 - 4] %30
wndeInsiisrezatlun1seuwiininiiaTunenaeuwiasnluan et ulinududinitussennie [5 - 7]

@393 [1] ladnwn1suannsneranemiaululasin s9ufU auseu WU @anisiwmunzaulunnsaukiansneag
lulastvsandvanioudie samaliaufourindu 70 esmwadea Anusiau 1 wasAeiuil edululasian 0.61
ANAADNTUNTNLI ANAINUTUVBINSNANAIDIN 71.80 Wwide 8.61 wWasidus (wb) nelunan 150 wad

3¥ani [2] WAnwinseuukanindedeuufuarndunnutuideriinduuuinesiuleviou Inefaiedosounsid
YA 83 x 77 x 100 GMUIANIURAILIAT a1XNTAUTIINABUUANALY §1U3U 5 019 IN1smaaessendtaian 9.00
~ 15.00 u. e 6 dalus wuhaunsneuukannuiina 5 Alandu ainAresduaie 5 94 300 % (db) Tu
deUsTana 26 % (db) meluian 3 Yu w3e 18 lus

gasen [3] Ifaaefosounriandsnuuaseniing lnefluuavesunenszanduuasenindiniu 3.15 msrasns iin
auszUBeIIARRRUIIMeMATeuT L uay pInIESeurIoan S 2 1a winsaduwin fddlnih 2 Snd
wuhannsoouwiminUiina 10 Alansu MnanuTuiiudu 85 % (wb) Tiunde 15 % (wh) I¥nelusziaan 9
s fio 970 8.00 - 17.00 u.

Satish [4] TéFnwniseunimsngendsnuuasending Inofiaseseuuisiiiufinsyandmiuiunaeniindwinfu
3.30 ANTIUAT WAZ NITINAINGIINNBEIIIYY 45 BIAAULUITEAY Lﬂ%‘aqaummﬁamigmﬂlﬁﬁi’mu 7 01m
Tnsusavaafifiufiviniu 1.35 ms1auns Tnganansoe uLinanaInALduEudy 76.5 % (wb) IHindenuiy
Uszanas 9 9% (wb) temeluszesiian 30 $rlug

grlndind (5] lednwnseuwisdsiian1izaaainiea Inefiveseuwinlunsinszuenuuifuinduriugudnany
32 \WWUAWAT Uargs 30 WAl lanuseusienaonsad@dunsise vun 500 a6 lngauiigumail 40, 50 wag
60 aeAnaldua NAuauduysalnieluiesey 5, 10 uag 15 Alavraaa wudl Weanmududuysaivseiiy

gamgiazanunsarilidnsniseuniasavu

nsi (6] ldRnwimsiwstslungguiianizayanie Inevoshukadudmsanszuenieuey fuuadusiiu
AudNans 50 Lwufwng 813 110 wufins dyavianuseuwinndunsisavuafmdsiniasn 4,000 Jad nely
viewhuismvanangliianuduyiiu - 91.9 Alaviana gaumgilluniseuuns aruauliegsening 35 - 70
pamuadoa namannasswuidleriugamgiligdu aunsavilisnsiniseuniadiiu

{38 ailuuiAnNaranIanlunIsaulie Ingn1sRUIYARUWINNAN1ITaaINIALNDINNTOUWAINSGN Lagfnw

AUTIOUTVDINTRULIINAN A YINIARINa IS BUBUAUNIIINkAnlagLUSuis uAadaLUs 8r51N1T
DU (Drying Rate, DR)
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2. gUnInluazIsn1maaes

2.1 gunsal

Usgnauluse 2 dauseiufie feuaganna wazymheusouiioaisgumgiinielufieulildnuiisivun
w1l Inetsevanaineiiainvieman fvwnaduruaudnaanieluy 25.5 wufuns Aue1 30 WURLAS uag
Taunun 0.5 wuRwns aruntdudle-Un vhatnmanududsald 31.5 wufwuns Anumun 0.5 lWURWAT Lag
wzsasldgasnmunudouiiodestuniss lnenisUnazldnisinten 4 §1 drusundadunsidenleadn
Fruanadugiuss Fauandunmd 1

AN 1 Gaeugeey e

gavnaInvinANsey  vimihilianuieuneludievagyayinia lneaglddawmesiuurnain vu1n 2,000 Jad

Ll
o

dwau 1w dhanldnudvgneiesiiind ilauaudfiduaviusazdiaglinuaiuieuiivessnain deeu
gauaynia Fafadsliunuminuuin 22,5 x 27 x 0.3 wufwns suvulidmivinmeeglileuiieldninan A
wanslunmi 2

2NN 2 YPURINYIIANILTOU

ynnaALILDS (Condenser) ¥wihil Rannufeusenanviewsndy rlemnuioutuasifuadnensszuisniu
Sousothroufiagshusadniududrgiuanaime gunsalivhiulnensihuioneussua 3/8 th 13ludis
Yun3ALl 26 IwuURLRg g9 30 LwURLAS JaszazvinvesnyienesuastuNtds LarsEEIsIBINSYAYIOINAY 1
ih fuandunmd 3
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AWl 3 YrAouIAULYDS (Condenser)
gUnsaidnih Water trap) vhwthil dminiunannleaudounaziiantsemuiiuiiyaouaumes thotosffui
laﬂﬁl,%’wlﬂé’q%mmmmﬂ 1o %ﬂﬁﬁﬁwmuL%’ﬂilé’q%uammmﬂ ﬁwvﬁﬂﬁlﬁﬂmﬂmﬁwwu,ﬂ'%uammmﬂ o
aﬂﬂimummﬂﬂﬂmimwa PVC w110 4 7 LLa‘v’l?jmﬂiaumuuumvmumq muﬂmwmaﬂﬂmuﬂvuLmuma‘w
ﬂuﬂmammmmmmaﬂﬂsm olusataglunisuendivesi Fsnusssuvtiaviianumuiniuuinnineinie
nlvihuazenafinausu sudhAuwumanvinlsinnasiuans duenaiwiniiesiulugiuuy suansdy

2NN 4

A il 4 gunsaldnu (Water trap)

ugyQINE (Vacuum  pump) ¥iweindi QnRINIAUAY ganuTusonansruuldlamuilamvunls Tnonast
QaInA vieldundn mevhayina wiemsiwady iwuﬂuquzgwmﬂgnlmamsuaﬂLLiaﬂuTuszUULLasa@]m
dornanisuen dugqainailddie ARUKI T8ns1n1slva (Free Air Displacement) wiifu 1.5 CFM fien
Ultimate Vacuum wiifu 10 Pa fdsladih wiriu 0.25 useih sawandlunind 5

S\ B il 3

a it 5 Jua aeyeyne (Vacuum pump)
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ina¥amnuugayy A (Vacuum Gauge) 148e PHOENIX Suunantinin 2.5 i flawnavenarudugaus 0 f
~ 70 cmHg wag 0 713 - 36 inHg YMAIUANEAMAT (Temperature controller) 148%e T&B Tavanunsaniuny
guvgflddaus 0 - 400 ssreaidoa adsAinealddve Pioneer Frldsening 0 - 4,100 n¥u TasdiArAra
aziBunvesninde 0.01 ndu ymnaeuioysznausuios uandlddnmi 6 dolud

= - v
AINN 6 LﬂiENEJULLWEjiyEyJ’m’Iﬂ

2.2 WMINAanY
mMneassazUsznaulumedasdiuifie N15NAABIBULRINGAMELATOIOULIIAYINIA Lag NITBURININAY
AIANLARA

NIMARBIDULTINENFBLAToIULIAYYINA IxENdBNTUTIINInan 200 niu ldasnnozgiitdouantdy
dndndsevaygyInie wé’ﬂmﬂﬁuﬁﬂmsL"TJﬂ%quzyzy,wmﬂ‘lﬁﬁwmuLﬁammummﬁﬂmﬁ -10 cmHg (gauge) N3
naaBRaULsTigamll 3 A1 Ae 50, 60 uay 70 esmwaldua Ay lnsazldnailumsvinismaassusdas
oungfl faust 9.00 u. — 16.00 u. Wuman 7 $2lus ynq Falushmstufindmiinomin

mMssuwRInsnimensanuaazinsaaesiune 3 fu Tagussyndnandiuau 200 nfu Tuainegiiflen uda
ihlUrenaeunn Gausiaan 9.00 u. - 16.00 . tfuran 7 dalug N9 Falug thwsnundaiwein wagviinisiae
ANUUYBEITIAS (W/mD) @reir3esiloTaanudunaseniing 8%e TES f429n159 0 — 2,000W/m’ A2
azdoalunsin 1 W/m’

Tumsveaenlewasadulunsay fuudrniminildlleuwisdadageulilh 8ve Binder figaumgl 120 a3
walded uazdahninyndalusaunsensdmiinasd iennhutnuiaveansn Amanugursminiiliainnimaass
sxvenilu Wesidudunsguuis (%dry basis, %db) [5] Ingmlsatnaunisi 1 seluil

W, —Ww,
MC = | — | X100% (1)
Wd
o
MC = ANFU (%db)
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= ninnsninalag (n3u)

= UITNNSIWAY (NSL)

NTIATIENANTTOULVBINITOUMAININNAN Ay 1nIA (-10 cmHg (gauge)) Wisuiguiun1sAINLANAElYe7
WUS8RIINTOULIA (Drying Rate, DR) [5] TumsiuSeuliieu lnsanunsamanlaainaunisaeluil

on MCo —MC; o
T
e
DR = 9MIINTOULAS (%db/hr)
MCo = puusudu (%db)
MCr = AR T (%db)
T = naildluniseuwis (hn

3. HAN1SNAADY
NANITOULINS NAEAITANNLAALTIULIAT 3 YU A1UNTARAAIAIAINLTY (%db) Tarannsned 1 sialudl

A197199 1 AIAINTU (%db) TULARE I VDINITOULINI NABNITANNLAR

day 1 day 2 day 3
138 %db %db %db
09.00 248.6 211.3 293.2
10.00 238.9 202.7 284.7
11.00 227.6 192.0 274.5
12.00 214.8 180.0 262.7
13.00 202.3 169.0 251.0
14.00 189.5 158.2 240.2
15.00 179.5 148.6 230.4
16.00 172.3 142.9 223.1

TayanNT (%db) YBINITOULRININAIENITANLANLULAREYT 1IN TEUNT MR NFURUS AR NN
7 uay Aenuiduuavenfindlafaning 8
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%(db)

(sq.m.)

ANAULTULLE

MIUTEPAMMIUALUNAUBNANUNNGIAINTTY
Y o ) o 4 o oy
wInNssuLaEMsIANTERamnTINe gy AssR 2 Useant 2556

325.0
300.0
275.0
250.0
225.0
200.0 |
1750
1500
1250
100.0 [
75.0 [
50.0 [
250 [
0.0 : :

=—day 1
=-day 2
=d—=day 3

09.00  10.00  11.00

12.00  13.00
L3817

1400 1500 16.00

o ' & o Y
AN 7 AAINUTU (%db) Tulfaza9a190IN T ULTINENAIENITANLAR

1200

1000

800

600

=—day 1
=-day 2
=d—=day 3

400 [

200

O | |

09.00 10.00 11.00

12.00 13.00
L3817

14.00 15.00 16.00

i ' v a ¢ 2 i ' Y a v
‘ﬂ']Wﬁ 8 ANANULINLEIDINHY (W/m )qu@agsﬁﬁﬂnaqsﬂaﬂﬂqﬁa‘ULLV‘\TWiﬂﬂ'JEJﬂ'Wi@']ﬂLL@@

NANTA 7 WUINITBUMAINSNALAITAINLAATIA 3 T N15aNAIVBIANUTU (%db) Twwltululudenianeliy
| ' P a 2 a a0 o X | 1 a1

AIUAIANUTULAIDITNES (W/m”) 3NAM9 8 FzdiAndese) WnTuluiiaud uagazliAgeaaiuaiussuin 12.00
- 13.00 U. uar widsantiufazAoe anaslutianaiuieuaziiu

HANINNRDIDULINNINTIAN1IEEYINTA (-10 cmHg (sauge)) Migaunigd 50, 60 wag 70 oI waided uandling

A15799 2 siolUil
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M19199 2 AIAINAU (%db) VBINTNAGBIDULIININNAN1IE Y INA (-10 cmHg (sauge))

gaumnadl Q)

1381 50 60 70

09.00 324.31 324.31 324.31
10.00 302.01 292.51 293.78
11.00 292.2 270.72 272.9
12.00 280.98 251.38 253

13.00 270.75 241.38 231.85
14.00 260.75 226.08 216.32
15.00 250.4 221.08 204.03
16.00 236.84 214.98 194.59

U1dayaanmsei 2 uuTeunsmanuduiusseninednugy (%db) dunalananing 9 deluil

%(db)

325.00
300.00
275.00
250.00
225.00
200.00
175.00
150.00
125.00
100.00
75.00
50.00
25.00
0.00

09.00

- =ll=60C

B 70 C

10.00 11.00 12.00 13.00 14.00 15.00 16.00

381

ANA 9 AIALTU (%db) YBINTNARBIBULIININTIAN LAY YINA

NAMTA 9 N15AABIVDIAIAINTUY (%db) zduulduludulds uaz ananased1esansy Weanmngilunis
BUUINEE LA 50 US4 70 asmiwaiiua

TaYanNU (%db) 91NANTIW 1 Uag 2 WIMAISATINTOULRIAIEaNNIN (2) afwm1sen 3 seludl
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M19199 3 8951150V (Drying Rate, DR) Y8INTOULTNNINAIENITAINUAALAZNITOULTNNSNIesy 1A

@ULLﬁQﬁ?jQJﬁUy’mﬂﬂ ANNLAR
50 C 60 C 70 C day 1 day 2 day 3 ave.
DR
24.8 27.3 33.0 10.9 9.8 10.0 10.2
(%db/hr)

4. anUsena
INHANTNARBIDUWNINTAEYYINIA LilBYINNITNAaeINgamgll 3 A1 Ag 50, 60 Lag 70 BeALwaLTed lny
muruAsdungludtevayy1nAalinl -10 cmHg (gauge) nuinilogaumnia uuiglu 8nIN1TOULNITBINGN

q
o £

5 UTERnRaaty o lndnd [5] waz tnsv (6]

a

IINNANITNAABINUIIALRA BVDISAIINITOUNRS (Drying  Rate)  VBIN1SOULIINSNGIENIIAINLARFS 10.2
(%db/hr) a'aumiauLLﬁaw%ﬂﬁamasqauJapmﬂLﬁaqmmﬁauLLﬁMﬁﬁWﬁﬂ 50, 60 WAy 70 BIANYALTYE A1ONTT
ANFAUIAIREIAWYINAY 24.8, 27.3 wag 33.0 (%db/hr) muaisu aunsailSeuisulidiuanuwananslalnenis
ﬁwmé’mwmiauLLﬁaﬂuaqmsa‘uLLﬁﬂw%ﬂé’aamimﬂmeLLazmsauLLﬁqw%ﬂﬁamasqf,gzywmﬂmmﬁﬁ’um’ﬂuaﬁ’wmuwh
wui1 M3euLsiigumgdl 50, 60 uax 70 ssrlwalTua suwsislisiniinseuwtanindienisanuan Tudns
2.4, 2.7 Lag 3.2 11 ANa10U

nseuwiEnianzayyINAansalEsasInseuwislE NI mseuLimEnsiennsanuan eglutag 2.4 -
3.2 wh shlvasnsondansnuidldiitu wiegidlsinu mnifisuduunssdaudniseuimindonisnnuan
fagdansiniiniseuusianinfiannzagainia esnndesiyndseunrieayainiafianunsanuiuaudud
wane1efusEnInneludeiuussenianteuen é’aaﬁsqm%uqzymﬂmﬂLﬁamuqu%’ﬂmmmﬁumﬂuﬁaauLLﬁﬂ
annalildnuiidosns anvnefifeysliauiouselnih (electric heater) Feisansdufotiuanane ua
ysleuseuseliih asdesdinsldlihlunshlreunsavhou dafussfuauduedafeauioudouiily
wdvasTgunsaliingg diutuan uay @rlwihildly fudhsanmlunseuukeiifiutuinduaniels

5. @3Unan1svnaeg

IINNANITNAABINUIIANRALTDI8NTINITOULRS (Drying Rate) VBIN15OULAINSNGIEN1IAINLARFS 10.2
(%db/hr) fchumiauLLﬁaw%ﬂﬁamasqmwmﬂLﬁaqquﬁauLLﬁﬂLﬁwﬁumﬂ 50, 60 Waz 70 BIANLYALTYE A1DRATT
ATRULIIRLIANYINAY 24.8, 27.3 way 33.0 (%db/hr) H1ua1nu Imawujﬂﬁqquﬁamﬁﬂ 70 parLvaLTEY I
ArSRINIToULTIIAN M sInLEInnnansuaaAnudu 223.5 %

6. NAANssUUTZNA
MAdetveveunm UEnqUIR FUgua Wag UeNTINg  @ITINeT UnAny) a1913ANTINATRMNA AMy
Fenssuenans uivesemalulagsvunarside lunisimihidugyaeide

7. @NEN591999

[1] @393 Aview, 55135 Yeytiow, algnay Usen1ns, waswn Audu uay 35t 019mmgy, 2555. Msfinw
Wiguiflgunseuaunskannsnuismsmaulilasan ausou wazimeululasiivsiuivandou. ns
Usea FnsiatednedmnssuAsesnawissemdlne A 26, AAAN 2555 FINIALTLITE.

[200]



MIUTEPAMMIUALUNAUBNANUNNGIAINTTY
winnTTuLarMsIANITeRamNTINeEedadu AT 2 Usednl 2556

ﬂn'lﬁ‘nﬂ’llﬂ I'li1ﬂll“'\\lh=t"ﬁ‘l“!1

&

[2] 915 ¥an 13aan, oxen aaswding, gimnd aalan way 301 GaeBuns, 2554, Fouuauagndunrutued
aimguuuimneslulonou. mnssuas uv. U7 38 atufl 1 unsan fwiew. @t : 265-274.

[3] @nSen Bunwa, gUInG aadusna was Tena guuy, 2551, MafiamLLAS osoUUKINA s ULAITIRE.
NIMTINMTEREMNIIUANY U7 2 atiuil 1 uns1au - dquiey. wh 71 - 81.

[4] Satish R. Desai, Vijaykumar Palled and M. Anantachar, 2009. Performance evaluation of farm solar
drying for chilly drying. Karnataka J. Agric. Sci., 22(2). PP 382 — 384.

[5]51?Wﬁh§‘ﬁQQﬁr1uaz ity 3391, 2553, N50UWIRTIRIEmNATAZYINIATINAUBUNTIIA. 1TaNT
Weeansysn, Vol. 15, No. 2. PP 76 - 86.

[6] ln39i eiSlesn, Waudu wiangegns, 85Ty wadlann uay FnRausen AVBUSY, 2553. MIVIUAUUAYYINTA
dmsulunegy. mavszgu Innineietisimnssiniesnauissumalng adedl 24, natas 2553 T

guassil.
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n1sUszendmalian1sweINsaleanvIgiNeNNUNISHARNSAANYI s UREAY AUy
Application of Sales Forecasting Technic for Production Planning

: A Case Study of Lingerie Factory

Vofuri naslwd | augn AUdwGes
MATYNIAINTIUYNAINNT AMLIAINTIUAIENS
wInendemalulagsvuerasyuIsnesyys

Janiaunus1il 12110 piyanun pin@hotmail.com

unAnge

amwﬁz:ymﬁLﬁﬂﬁuiuﬂﬁ]«’gﬂ’wuaﬂiqmumﬁmm%ﬂuﬁaa&m Ao Auliiaunatureanisdawdniugonuny
danaliiindununuvesTanAndvesdudigads 187,711,771 umn/U viseuseunn 15,642,648 u/ifou
Aatlayunansnauwunissdndudifognaneuszinvegnamngan fanugsenlunisdamgvesdudi
warlainauimnevgauddaladyadsnedas Fadudsdidududmiumsmaununasdn euideiied
Snguszasdiileneinsalmnudosnisvesgnnitelflumsdndulunnaununisndndudn fvuauuiunisds
nanduA seifeuideuszneumensiiunusudoyasenneuarueandndusl ne1nsalauaeInis lag
T4lUsunsuiinsnzsinansadd MINITAB ewuinisnennsalzuuuuiumes(Winter’'s Method) fa
WITaNNINTige 11N15NURLANTHAR AMuINNSEIRARFUAMAMINEaN FununAuinw wudn
U%mmmié"amamlmiﬁﬂﬁéfuwmaﬁaﬂmﬂé’wia'ﬂamaq 8.80% visoAmdulduy 16,525,038 U/

ANEARY: NIINEINTAIAINADINT; NITINUHUNITHER; FUNUTINTANAIAG

Abstract

The occurred situations in the lingerie factory are the imbalance of order and the sale which
affect to the total cost of the inventory stocks highly to 187,711,771 Baht/year 15,642,648
Baht/month. These situations caused by lack of the production planning properly for the
various lines of product moreover the difficult of the categorizing the product and knowing
which product having the high yearly value. The research objectives are for the consumer
demand forecasting, for using in the production planning decision and the determining the
amount of order. The research methodology contains the collecting the sales data, the amount
of the production, the demand forecasting by MINITAB statistical analysis. The research
results showed that the way of forecasting by Winter’s Method is the most appropriate for the
production planning, the calculation of the production order which is proper with the carrying
cost. And the research result found that the amount of the new order making the total cost of
the inventory stocks decreased to 8.80% or 16,525,038 Baht/year.

Keyword: Forecasting; Production Planning; Total Cost

* A o ¢ &£
Yo19un na9lns
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1. umi1 (Introduction)
iesnnluthgtugramnssudmeuaziniosailulsamalnefimsusiuiigauasinsveieiiogisdeiiles uas
dwiungugnanvinssuialosaiuiiuseianvesdudinainuany uiazUszLnnduiidunounisuanuandiatu
vonly Inelsanunsdifnwusisiussnougsianandudgadauluand fdsnsndslugUuvundaiieadion (Vake to
Stock) silviidufasdaliianna esanlssnuneinsalUiinunnudesnisvesdudiiiensusiunisnandu
Tngodeuszaunmsalifundn SeviliiAnduiasndailiaunatunnudesnmsauivesgnénluusaztisim

Mnmsinyduafnuidedifeades (1] vhnmsAnmmaneinsaiseavglifiudifaguaniiun femanensaim
UBnanudiontsaudivangay evilinsuinnamnudesnsdudiuiuguasieanduuniniuing
dufasnds [2] Anwinsneinsalsenvedudinay Insnisiieuiiisunisnennsal iemenauRanaindia
fian WlemUinansdmanivsevdnfigaimszagyhliduuaudiamdsanas [3] Anvinsnsununisuaniaeld
mMsnensaindnsaeisudiensnsaldudsedugesgacn Tnevhlimsuinudeinsdumseiudes (Gun
Fen) Sonmadauuuihnmmennsaiunngde deshlinsuiswuudinumisfedudiie fasiluldng
uhunsHaR [4] AnvinisdanisAudasedesdsnuomnsdnifeituiinumsdideiiussvdauayiTlusun
W HansEnwIduusIN o adimanawunsuImsiansauiaandalagldis £0Q Triduyusmiianiis
vodlUsunsuiBadu ui3s E0Q sgneliaundgiuniudesnisludastisnained dsliaonadosiuamnand uass
wagsiliAatymingivvieiioluuisanadwdisiusunsudaduliuadlndfssiuanuduaidunuoa
wnnIwadaunsaanduyuslunsianisingAvandsladuAnunisdnnisduiinindsuedlssuenmsdnd
Feinmsdstotiusendaiian (5] vinmsdnuBmasunAuiaedsdisemessanuefiiidnvusdngnags Tay
thdfesafinennsallfanTusunsudniagy Excel (Excel-Based Forecasting Software) 1435msduansefuaud
AR TETUUINATTIUMAIAL B ULINATUTEI IR I sAuR TulAagL Aoy [6] AnwuluneAudn
AsndaileUiuUseUsEanBsuuuuvesmsranuaznsiansaufasndaiioansunusn vesudnfasidninamiy
ussgnardes Swmdndusifiaudesnisliuiueu Sediadunalunisintouarorguesingiv Tnelddeyants
Pefounds sdnsuiuuesamiesmemuhinsuanuasuuund vsnduhdeyanisvisandiunmmys
SifouarUinaAudrndigean uazfmunsedunsliuinisgn 7] Anwinisussgndldulounenisinanisaudn
asadalaginisuisteyaidugalunisuiuuseszuumsdamingiuiinindeiedmiuiuemsiitenisans
wensaivuaunsliuarteudefuimunzan uazindanuaaiadeussadsaunanAdsuaysal
(MAD) 11U Fleaviuariumoifitngmauvuuanduiinsweinsaifvnzaniign wasnwununsdstonarnis
faneinghuasndeeulsuensdseagavuuuiadedaslduloue (s, ) uasutsdoyauTunmunislibuyn iy
sysumitugatungn (8] Anvinisuiulsnlsnisnmsdsdotandoaindlimngautuinaiismnelasordongud
mﬁﬁ’]mmﬂ'ﬁﬁ’ﬁaﬂiwé’mqm darlunissmuaUiiansddodudiiididuarudidyun ilevilianyiina
nsdafivauduaranlddielumsdaiv Samuh msddeuuu E0Q Smnumaneauiududfilianudidyann
YIUITENUITY [9] UauenITwUMENUIBANAUAMINAIUEIAY LaziuANQINaTuNISInAUAIAIAIAGT
muaduaudAy Tneluduvenguaumifanudoinisgaazgnivusliiisuuuuresmsdamsiuiasndady
nsdsdeuuy E0Q Tnefinsduingadsdefmnganimdeannisinuauidedifeades nut dev ns
wUswenduiausdunudfyud dudiidanuddgandnaziinsldinuu E0Q Tumsdanisaufasnds Tu
nuAFsatiuis WWieduuy E0Q 1l udiiessnmsdtovesiudnsdifnuiimsldsudiuanangdsdudi
FeuFasinsldfauuy E0Q uuuildauasmaviae iemiuuuiivangas

wasnAnwAuainwdde vihlilduumamisuuusdymnfatulagldnsussendmaiinnisneinsalanndeya
gonvwAuAgATUluanIUTELAN Special Size WAATIEVAILTUTLNTUIATILINANINERR MINITAB 16 #1A1AIY
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Ranwana MAPE, MAD gy MSD Lﬁmﬂ%amﬁwmgﬂLLuumiwmﬂiaﬁaﬁqm dwsuldnennsaidudlusupaiie
Mawsunsransemadanginsaluuulsdie wardnamnsdwanuuulng snUSsuiisutunsdaanuuusm
TnsUsinunsdsrdnuuulvsigsilidunussduiaedsiianas uazmuauaudaindslifinnuaunaiua
ADINTAUAIVDIGNAN

2. 75938 (Research Methodology)

2.1 MINYINTAAIUABINTAUAT

Fnquszasdvosmsneinsal AonsmuTmamiudeanisaudilusuian lnsisuainmsiiudoyasenuiedud
thimennsal Tnetdendsnsneinsaluuueynsuian (Time Series Method) Fafumafianswensailsuiua
T¥wensalanudesnisaudlusmaniimzay fieyaidniwassdusznouiiluuudlifu (Trend) uazggnia
(Seasonal) 1#MsiiaszilagidensuuunsmeInsalsuuuy msmanadeiadouil (Moving averages) uazuuuis
VSusunuuendluiwuieatuiien (Single exponential smoothing) d@unsiansandawuumsnenseiiieldlu
nelnseideyailésudvinaosdussnoursaulii Tsuuunismensaluuuiususuuendluuudeagosiy
(Double exponential smoothing) LLauc?hqum'ﬁwmmgﬁlﬁdﬁﬂumﬁLﬂi%ﬁsﬁamaﬁiﬁ%’uSwﬁwaaaﬁﬂimawaa
qamaagliiinsneinsaiuuuggniavesiunes (Winter’s Method) savenan 4 guuvu lilUsunsuMinitab16
ANIULAZIATIEN Lwaﬂmmmmammmwmwmmimsﬂmmumiﬂsvmu 3 6 il mmaammmmwumaaaaa
(Mean Absolute Deviation (MAD), AdsAnuaaInnaeufdsaes (Mean Squared Error (MSE)) wavALadY
LU@%LsﬁuﬁﬂuaammﬂmmLﬂﬁauauugzﬁ (Mean Absolute Percentage Error (MAPE)) laguina1 MAD, MSE way
MAPE firistios munedls manennseifanuuwiugt Tnelumiddeadeilldssiuanuddyvesmanuiinnaiaiia 3
A eldsunuuntawennsaififian Swinisweinsaidudilusuaniiusitousnsiau 2556 fufeusumay
2556 52 12 iy Litelidmiunsununsuandudlusuian

2.2 MNUNITHER

ndnldennisnensalnnudoamsaudluowanveausazifeuits 12 Weu Mnduuuiinsmensaifinfianves
nsneInsaiuuaYNIIIAT (Time Series Method) anntuthdoyarusesnisiudlusuanluldfadulanisns
WHUNSHARALUATINTENsMmATian snensalkuuYsdin (Pyramid Forecast) Wilevrasiunisnennsaiaud
syaugasq awn Ingldlusunsu Excel ﬁwmm%uﬁﬁzﬁuéaaS]aammﬂ%;&aﬁlé’mﬂmiwmmajﬁuﬁwamﬂmm
wiaziieu Wevhlinsuisunadivrdmanduildnsmuuinelodvesaraui andaeifen)

2.3 AinngitoyaiitenSouiiisudunusnaudinmnds

FuammdunuImAUAIAIRs uaznisdmanmumanmsves E0Q Bslutumeudl axvtilimaiuin UTinmnisds
wAR Fununsiivin uazdunusmdudandenduuull e luieuifisuiununsdmdauuii
wazazuandifiuissans amdiatunnnisimeiiansmernsalsenmeaidudladymiiiatuiulsany

3. HaN15338 (Results)

3.1 neINTAlAIUABINITAUA

L'%':uLf‘mimsm%;ﬂaﬁmmﬂammaLLasﬂ%mmaammﬁmﬁuﬁwﬁgﬂ 5 9iln LawnauA1 BQ11, BQ12, BQ13, BQ15 way
BQ17 Muusifeunnsnu 2553 fufeusuau 2555 Idfguiil dideyaiinisdeniinsieidonsuuuunis
WeNTAILUUYNIUIAN (Time Series Method) M3UkuuMsnensaliiaian selsunsu Minitab 16 #1un157s

'
a

1
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Audryayuly
160,000
140,000 e
=l
g s
120,000 = SunuBanue
= N R
100,000 o g" UdIuueanncn
) g ~—
=
o~
80,000 =1 ]
& =
60,000 =
40,000 <
%cﬁ o <
— o0 uwy (=] -l
DN = o =1 ~cg = =
20,000 vy Sz I8 38 3 ﬁg =2 Bay SS B gR =%
- = e B . = 4 = a)
B B B B BS B @ s = 8° B
BO11 BO12 BQ13 BO15 BQ17|(BO11 BO12 BO13 BQ15 BO17 BOQ1ll1l BO1l2 BQ13 BQ15 BQ17
W.A.2553 W.A.2554 W.A.2555
a v a a a O A P Y]
EU‘VI 1 %ayjaﬂimwmaam’lﬂLLamJiaJ”lm*c’JEJmNamanLm LMBDUNNIIAN 2553 n9mpuUdUINAL 2555

M19199 1 ToyaanNnsneInsalsigsUwuuneg Tnglusunsy Minitab 16

- W - . Single Exponential |Double Exponential
dumA1 [ N1TWeINIad | Moving Average Winters' Method
Smoothing Smoothing
ATMAD 16 16 16 10
BQ11 ANMSE 433 436 453 294
AYMAPE 277352 265028 285539 138743
ATMAD 22 19.4 22.1 13
BQ12 ANMSE 249.7 201.1 247.7 152.6
ATMAPE 99829.9 71419.2 90011 38938.5
ATMAD 13.6 13.6 15 10.9
BQ13 ANMSE 230.6 226.1 248 183.3
AYMAPE 92238.4 85051.9 101438 51729.4
ATMAD 17.3 15.6 17.7 12.6
BQ15 ANMSE 227.6 204.5 236.7 160.8
AYMAPE 91840.1 77787.5 90166.7 39642.6
ATMAD 9 8 8 6
BQ17 ANMSE 740 675 654 524
ATMAPE 991691 870410 857257 406293

NAITNT 2 NUHaNTIATIZelUIWNTY Minitab16 wandliiiuingukuunsnensaliumes (Winters'
Method) &4dif1 MAD, MSE wagMAPE Waeiian Fsagulainmuneiagiilunensalusunaninudenisdunily
suAnielddmdndud nnuwinsneInsalanudsansduituewanfm1sed 2 eldlunisinununds
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M19199 2 Teyanisnensalmegluuuiunes dmsuanudesnisauailueunan 12 Heuvesn.a.2556

- Forecast Wfi.2556
nau

BQ11 BQ12 BQ13 BQ15 BQ17
UNIIAY 3,162 1,073 2,228 1,364 11,250
NUAWUS 2,729 1,006 1,830 1,397 10,551
FVLH] 2,762 1,515 2,247 1,492 10,004
YUY 3,073 967 1,864 1,744 10,168
WHYNIAU 3,029 1,033 1,949 1,915 10,364
lqueu 2,996 858 1,806 1,484 9,990
NINHIAY 3,729 1,122 1,886 1,682 11,876
GRGEY 3,786 1,101 1,988 1,565 11,804
gy 3,046 925 1,900 1,262 10,886
GG 3,330 1,186 1,924 1,350 11,202
WOAINEY 2,697 1,068 1,640 1,327 11,551
FuAY 3,601 1,365 1,944 1,727 14,844

3.2 NITINUNLNISNARFUA LR

dmsvaudatulududuiiiidefodomuinled Guinien) fdmaiedestunisdmdn 1513ddinatanis
wensalwuuUeda (Pyramid Forecast) Wsnaulalunismaunundndudlinsinuoualed Gudiies) annns
wensainudesnssalusuan 12 Wew vedl w.e.2556 wiewuinensalsyiugosqan mAIAINEeINS
aususarledlneAnfulesifusnsenvoduilusinvosdazaiin mMumn1s1eii3 wazmUsianIsHARGUA
Wi uazanseil 4 uansfnogen1smUsinaduiniien BO17 ieaununandudn
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M19°9% 3 ToyarmnuReNsauRuialedaneenuglusin

SIZE BQ11 BQ12 BQ13 BQ15 BQ17
A5 0.00% 0.00% 0.00% 8.85% 2.35%
A6 0.00% 0.00% 0.00% 6.22% 1.48%
AT 0.00% 0.00% 0.00% 4.50% 1.02%
A8 0.11% 0.00% 0.00% 0.00% 0.01%
A9 0.10% 0.00% 0.00% 0.00% 0.01%
Al 0.13% 0.00% 0.00% 0.00% 0.02%
B5 11.11% 15.54% 9.40% 16.21% 13.01%
B6 8.35% 10.72% 7.16% 11.20% 8.04%
B7 6.55% 8.74% 5.46% 8.01% 4.88%
B8 0.46% 0.00% 0.42% 0.00% 0.05%
B9 0.36% 0.00% 0.48% 0.00% 0.04%
BJ 0.44% 0.00% 0.38% 0.00% 0.04%
C5 9.75% 14.41% 10.83% 13.48% 14.80%
cé 8.07% 10.43% 9.44% 9.91% 8.85%
cr 5.94% 8.17% 7.14% 1.47% 5.72%
c8 0.58% 0.00% 0.53% 0.00% 0.07%
c9 0.49% 0.00% 0.57% 0.00% 0.07%
a 0.55% 0.00% 0.82% 0.00% 0.09%
D5 9.04% 9.87% 15.05% 4.22% 11.17%
D6 6.20% 8.47% 12.92% 2.42% 6.87%
D7 6.59% 8.00% 11.65% 2.42% 5.50%
D8 0.40% 0.00% 0.51% 0.00% 0.05%
D9 0.41% 0.00% 0.48% 0.00% 0.05%
DJ 0.37% 0.00% 0.34% 0.00% 0.05%
E5 7.64% 2.02% 1.68% 1.86% 6.45%
E6 6.08% 1.77% 1.27% 1.52% 4.54%
E7 1.72% 1.87% 1.29% 1.71% 4.45%
E8 0.93% 0.00% 0.77% 0.00% 0.10%
E9 0.76% 0.00% 0.79% 0.00% 0.09%

EJ 0.89% 0.00% 0.62% 0.00% 0.11%
TOTAL 100% 100% 100% 100% 100%
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A15197 4 Fg19NSINUSUIUAUALAYY BQL7 LHBINILNUNAR

MONTH| unsiay | nunwus | furau wwisy | wouaay | figuiwuy | nsngiau | Aenaw | dueisu | eaten | waednieu | Suneu
A5 265 248 235 239 244 235 279 278 256 263 272 349
A6 167 156 148 151 154 148 176 175 161 166 171 220
AT 115 108 102 104 106 102 121 120 111 114 118 151
A8 1 1 1 1 1 1 1 1 1 1 1 2
A9 1 1 1 1 1 1 1 1 1 1 1 2
AJ 2 2 2 2 2 2 2 2 2 2 2 2
B5 1,464 1,373 1,301 1,323 1,348 1,300 1,545 1,536 1,416 1,457 1,503 1,931
B6 905 849 805 818 834 804 955 950 876 901 929 1,194
B7 549 515 488 496 506 487 580 576 531 547 564 724
B8 6 5 5 5 5 5 6 6 5 6 6 7
B9 5 4 4 4 4 4 5 5 5 5 5 6
BJ 4 4 4 4 4 4 5 5 4 4 5 6
C5 1,665 1,561 1,480 1,504 1,533 1,478 1,757 1,747 1,611 1,657 1,709 2,196
Cé 996 934 886 900 918 884 1,051 1,045 964 992 1,023 1,314
c7 643 603 572 582 593 571 679 675 623 641 661 849
C8 8 8 7 7 8 7 9 9 8 8 8 11
c9 8 7 7 7 7 7 8 8 7 8 8 10
CJ 10 9 9 9 9 9 10 10 9 10 10 13
D5 1,257 1,179 1,118 1,136 1,158 1,116 1,327 1,319 1,216 1,252 1,291 1,658
D6 773 725 687 698 712 686 816 811 748 769 793 1,020
D7 619 580 550 559 570 549 653 649 599 616 635 816
D8 5 5 5 5 5 5 6 6 5 5 6 7
D9 6 6 5 5 6 5 6 6 6 6 6 8
DJ 5 5 5 5 5 5 6 6 5 5 5 7
E5 726 681 646 656 669 645 67 762 703 723 746 958
E6 511 479 454 462 471 454 539 536 494 509 525 674
E7 501 470 445 453 461 445 529 526 485 499 514 661
E8 12 11 10 11 11 10 12 12 11 12 12 15
E9 11 10 9 10 10 9 11 11 10 10 11 14
EJ 12 11 11 11 11 11 13 13 12 12 13 16

TOTAL 11,250 10,551 10,004 10,168 10,364 9,990 11,876 11,804 10,886 11,202 11,551 14,844

3.3 AasgvideyalieluTeuliig uauy s aUAAIRNS
A1U13YIINITIATIBIMUTUIUNTAEATIV KaEYIINITAINMIAUNUTINFUAIAIATIUTIUTE UAUYUTIY
auduuudnuazl lafmisnem 5
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UYL UYL UYL
um | dumaedy | AuAiaseay | Buaumsndy
wWusat(um) | Tudde(un) anag
BQ11 34,179,823 32,626,566 1,553,257
BQ12 16,469,950 8,293,288 8,176,663
BQ13 20,043,434 15,433,610 4,609,823
BQ15 34,820,589 18,610,899 16,209,690
BQ17 82,197,974 96,222,369 |- 14,024,395
334 187,711,771 | 171,186,732 16,525,038

4. afiUs1ema (Discussion)

aAfeatuifesmsusrgndmaiiansneinsaisearieifiorisuwunisndn Taovuumaudledymiiniuly
Tsanudmiudesduinsndsitliaunatuanudesnisdudvesgndlundaziianat Tnesuiansanandeya
seavedudnlusniifiog 5 viia Yrsmensaliuveynsuian emsUuuuniswensaliiaiian wuinniswennsal
wuvAume sz auiigningaziian MAD, MSE uazMAPE Yoefign waztiisnswennsaiuuuiumesuneinsal
audluowan wisnldtoyanudesnmsaudluowian uudazifoures ¥ w.a.2556 nduidoyauang
wunsHanvesduiuazifeulagldinaianisweinsaiuuulada Fadunmsnausunisuanlagldnismnensal
SveAUALIALFBINTRUATEIUER awn WemUSinansdndndudlunsasledvesdudn Tngld
foyaansenuedudilusiniionusiudvesusinuauiivsfosdmdnaimin uazthdoyaneeavedudn
BUNANINANIUIUNUTINAUAAAGT wuRnldimadianisnensaluuulvsvinliduyusindumandana

5. d@gUna (Conclusions)

NNMsAnNLATe msUszyndmadiamsnennsalsenisuniitelinausunisudn uanamaveUTIWALAAY
AdsiiAnd uluefnuazdunusinaudiasedsiaenisssgndldinadan swensaisoneisin ifletun
WiguigudunuINduA1AI&Ianas 16,525,038 v/l Tnonansiseadaiidudiumels wavluvsifondiu
anunsailulszgndldfuaudeiinduld venanidsigite wudh madsznevvesfunuiashlnldunds
Funusduiandsiudutesdiviiligniedden iWesmnmiuamesvesduiusazUssianazsyiliiAndumu
douqiisngefu agn9lsin mafudeyadunuiiisadeditienmgnisviiiiogile azvilsinnsduanldidnlnd
AiRian

6. nnAnIsuUszn1A (Acknowledgement)

voveunuUTIN el $1in @mewiilnseyaseideyauazanuiilunisdnu1ids  vevounanIAiz
FPINTIUAANNIT AMIFINTIUAENS W TInendewmalulagsvuenasyys insatdvayueyasziluynauau
vliAdeUszaummdse uazveveunszauensEiUsEamAnIALlunngideaudndananaz Sanansandld
MIAUAYUARDALT
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nsAnwdauninitenasnuuasaindniivazlifiuiuaziioused
Study of Chili Solar Dryer with and without flat plate reflector

ussidn Tgndml, Toyald ewnns, 163 nesyu
AN ITTIAINIIUASOINA AEIAINTTUAENS
IRNMINeSumAluladssuIAaIITe
9.1494 289787 90000

pbunjerd@gmail.com

unAnge

AT Usrasdifiofinyidmaaesanssnugmssunindedouuimdsnuuasefingfituay laiflusy
Axioued gouurianIninszaniuTidveuateniing Au1an1UnINe 0.77 Wng 817 1.00 AT YyuLdes
10° fulsedu uisRndauiuaziousiduinuoueuiuiuidiounniie 0.25 wes 613 1.0 was
$1unu 2 wiu FsaunsauFusalunisasviousd evhmihitasvieusidanaiseniindludauruiuadiite s
anuFeunigeu TasagyhmsiSeuifioussnindaifiuiuasvioused uaz Aausiuasvioussdiiyy 45 osm A
WUIBUYEIHUTIFUSE srzatlunmaaeadiusilaan 09.00 - 16.00 u. LHua 7 dalus 91nkanIs
naaesegouninndsuaeingnsdlifuiuagiiousad nuddanninudsusasmesiosaranuiy
siadalas (%db/hr) vesnseuurisdidnadeniifu 9.01 uag 11.95 dwsunsilfinteusiuasioussd

AEAtY(Key word): OUMNNANULANDITIAE; WIN; UHUaLYBUTIE

Abstract

This research aims to study the performance of a chili solar dryers with
and without flat plate reflector.Solar dryers has a glass to absorb heat from
solar radiation. Sizing of glass area is 0.77 m width and 1.00 m long at an
angle 10 degree with the horizontal. Edge of glass attach with flat plate
reflector with 0.25 m width and 1.0 m long. Angle of flat plate reflector is
set to 45 degree. Experimental period is 7 hours per day between 9.00 am -
4.00 pm. The rate of moisture content difference per hour (%db/hr)of chili
solar dryer with flat plate reflector is 11.95 and 9.01 for solar dryer
without flat plate reflector.

Key word: chili solar dryers; chili; flat plate reflector

‘u3sidn Wyn3nd
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1. uni

msuslnnemsvasaulng Sewnsuatesiafidesuusenusiufundnuis SeiliAnanudulufiaedonings
wUssunnninan Tnedinswdauidhuszduasiseu way sedvanaimnssu (1] msudandnuislussduaiansound
NSHANMEITIE WU NTUINENAANININLAA 113D NITOURRNENAILABULANINNGIN UL NG [2 - 4]

anies [1] Wfnwinisudansnuismewmaululasiv sauiu aufeu wudt anneivanganlunseuwianiniig
Lulasnsiudvandouie gauugliaufouiniu 70 esmwaldea anudiay 1 wesdedunil adululasiv 0.61
TodsanIun3nui AANLTUYWSNAnasIn 71.80 Wie 8.61 WWesidus nsgiulen) meluial 150 wad

g¥anil2] TéAnwiniseuuianndegeuuiuarnduautuisderfinduuuimesiulevou Inefiedosouusid
YA 83 x 77 x 100 GMUIANIURAILIAT a1XNIAUTIINABUURNALY §1U3U 5 019 IN1smaaessendaian 9.00
- 15,00 u. 1unan 6 Falus wudrasnsnouwimEn U 5 Alandy anAeuduade 5 $u 300 % (db) u
widoUszana 26 % (d.b.) melunan 3 $u vde 18 Hlus

gasen 3] faaefosounriandsnuuaseniing Inefluuavesurenszaniuuaseindyiniu 3.15 msrasns in
ausrUBeIARRRUI e MATuT I uay pInASeuIoEn S1uIn 2 90 winsaduwin fddlnih 2 Snd
wuhannsnouwiminUiina 10 Alansu ananuTuiiudu 85 % (wb) Tinde 15 % wh) Iinelusziian 9
s Ao 290 8.00 - 17.00 U,

Satish [4] TéFnwniseunimdngendsnuuasending Tnodnasoseuuisiiiufinsrandmiuiunaseiindwinfu
3.30 ANTIUAT WAZ NITINAINGIINNBEIVIYY 45 BIFINTULUITEAY Lﬂ%‘aqaummﬁamigmﬂlﬁﬁi’mu 7 01m
Tnsusavaafifiufivindy 1.35 ms1auns Tnganansoeunian3nanaugusudy 76.5 % (wb) THindenuiy
Uszanas 9 % (wb) temeluszesinan 30 $alus

Mnnnsilaieseuuimdnndanueindiduedosdefiannsondaninuisliluszdundauiou war sialiduns nis
FidealdRnuuussdeunimdnmendsnuuaefindnniuiiifissnssanfunaefindifivsyaien Tngldia
wiunszanazvioufiduaseiindlifunsraniuuaseniing uaglivinnsfnuiyuvesununszanagiiousadvinty 45
o9 Wisuifsuiugouuriadnilifusunszanasvioussd

2. gUnsniuazisn1snnaes

2.1 YANARDIOUNINNAIULAIDNAE

Founinwdnuuaseniindifilassadrafivhdaoimdnainuun 025 s ne 1.5 fhnnsuenlassadiasiudae
wruezglien dunthvesdigeuninzdununszantaiBosainiyu 107 Iddmsususadainaiserfinglaed
YU 0.77x 1.00 AN919MIAT VoUTBsfauts 2 d1u asdukuasiieuddvdinnszaniaiivuin 0.25 x 099
MR Ivanagioufidtrannsauiuglunsasioussdls dauduniuagfuuuasiivedielienia
lnan1u a1eludeudvesdmiuinenineun3ndiuiu 2 an wavaineuninazynalensunsievaiiifonlned
YU 0.50 x 0.70A15190M5 ANLNTAUARITUTBIYAFE UL suLaTIRgld Fannil 1

wieallefililunisinansineg Idsilfe wn3sdioTngaumailiavie Extech fivan15¥n -100°C &1 1300°C AnwazLBen
o A A o v A ¢ av a o 2 a o 2
Tun153m 0.1 °C wiaadlotnanudunaaniing 8%e TES 19290153 0 - 2000W/m” Aanuaztdealunsin 1 W/m

WAIBItauMTnAIANAEBun 0.1 Taansu 8ve Sartorius
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AMUN1lATE N8 UONTBIGUNI NN N TULA TN

2.2 M maaed

maveastdadu 2 ganisnaaesie lifluiuasioussd waz Tunuazvioudsdiiyy 45 oe 9zvin1sVnaeIYnaz

2 u uag 7 93lu9 Aausiian 09.00-16.00 u. 9n9 1 Falusazindnluksazainuds uay andudfinuiad

wWaguuvasly lngisuduazussyninlinnay 0.5 Alandu wazvihnstuiindranuiduvesndsnuuateniing
2

(W/m”)

3. NAaN1SNAABY
HANINAABIDULINENAIEFauLinAt Lt ind Nlluaglaifiuduasiousad awnsauanianlafanisnei 1
solull

'3

A15797 1HANTVIABBIDULININAERR UG 1A indillway liidunuasioussd

laiflusiuasvioused 45 89N

7 @mb5 8 @mb55 15 d@m55 16 dA55
L8 (%db) (%db) (%db) (%db)
9.00 233.33 239.08 250.99 222.58
10.00 218.33 222.13 231.71 203.23
11.00 210.00 211.95 217.67 193.55
12.00 201.67 205.17 205.36 180.65
13.00 193.33 193.33 191.32 169.35
14.00 188.33 184.83 177.28 156.45
15.00 180.00 179.77 171.98 153.23
16.00 173.33 172.99 157.94 148.39
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1Y dsll a a I 1 a a a % Y 4 1 3
A1FRArANT (%db) wandlun1snei 1 \uAlaieratnnil 1 way 2 U8IN1S0UNTNAILABULIIARZATI 21N
A15799 1 @10150UUEAIAENTINAMUAURUSTENINIA3DEaT AT (%db)iutiantanan ni2 aaludl

275.00 |
250.00
225.00
200.00
175.00
150.00
125.00 =3 ifluHuavyiousad, 7/8/55
100.00
7500 o
50.00 |- UNY 45 89A1, 15/8/55

25.00 =>e= kU 45 paen, 16/8/55
0.00 : : : '

9.00 10.00 11.00 12.00 13.00 14.00  15.00  16.00

(%db)

¥
=1

IVYATAIUYY

=13 unuayviousd, 8/8/55

¥

1281 (W)

AN 2 ANUAUNUSTEMINA3BEaEANNTU (%db)iuLIan
ANANULLUBEIDINAGIUTEMINYINNTNAABILEAILARINNTIN 2 AalUll

A15199 2 ANANUDUWEIDRRG (W/m2)

Laiflusiuazvioussd 45 99en
AUNLERITInG (W/m?2) AMUTLLEI TG (W/m?2)
7 @ns5 8 an55 15 @m55 16 @A55
£38 max min avg max min avg max min avg max min avg

9.00 631.2 617.5 624.4 620.9 612.4 616.7 620.1 621.5 620.8 764.2 658.5 711.4

10.00  950.1 944.9 947.5 830.0 810.9 820.5 865.1 712.0 788.6 945.5 943.8 944.7

11.00 1026.0 10180 1022.0 1030.0 1018.0 10240 | 1065.0 1030.0 1047.5 1075.0 1056.0 1065.5

12.00  1150.0 = 1079.0 11145 1102.0 1090.0 1096.0 | 1165.0 11050 11350 1140.0 11350 11375

13.00 1176.0 11410 11585 1080.0 1040.0 1060.0 | 1165.0 1141.0 1153.0 1196.0 10650 1130.5

14.00 5178 314.5 416.2  1078.0 1003.0 1040.5 | 1062.0 1059.0 1060.5  246.6 2452 2459

15.00 ~ 1101.0 1085.0 1093.0  911.0 903.0 907.0 829.5 804.9 817.2 276.3 275.2 275.8

16.00 7193 698.4 708.9 943.0 902.0 922.5 615.5 601.2 608.4 285.9 277.4 281.7

1A 2 @111501ALRALURIANLTLLEI AR luksar YUl wanslasanIng 3 sieldil
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1200.0

1050.0

900.0

750.0

#987908 (W/m2)

600.0 E

=0—"siflutiuazioused, 7/8/55

v

ATAITULYUL

450.0 == 3T utuazvioused, 8/8/55

3000 Tuu 45 vae, 15/8/55

1500 ==l 45 09A, 16/8/55

OO 1 1 1 1 1 1
9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00

a1 (W)

AN 3 ANLRAYYRIANUILLEWR NSl ULAAY IU

lumsiIguiiiguanssaugvasgauninamgndinunaeindazlininussuiisu memdninisiudsuwlases
SpsazanuTusatilud Inemlaanaunisaslull

%MC,,, —%MC,

start

(1

A %MC/hr=
t

A%MC/hr =Sasnsiasundasesdosaranuiusedalus Gedo/hr)
9%MC...r= S08AZATITUSUAU(%dD)

9%MCyiop= %faaasmm%u??uqm (%db)

t = szuza (Flu)

INANTIN 1 Y1EmIAI8nTINTUaEUL AR REaEANLTUR 0TI LN UBINITOURINI NAEF B UNTNAIE NG 1Y
Wee1¥ing naun1si (1) lodanised 3 deluil

A15197 3 A19RSINSUREULURIVBIS DURLANUTUA DT LUIVDINITOULAING

Taiflupuaznaussd 45 996N
7 @mn55 8 @m55 15 d@m55 16 @m55
%db/hr 8.57 9.44 13.29 10.60

NAII19N 3 WUIIALRAEVBI9RSIN5 VRS UL URIY89508aL AINUTUADTI LU VDINITOULAINS NN TE bald el
AgyauTElA AU 9.01 %db/hrnstiliunuasyiowssdlaevinygy 45 83m AA1YINAY 11.95 %db/hrkagainaisng

'
a

! a Y v @ a ¢ 2\ o o ayv e o U A W
91 2 ALRAYYDIAINUUTIANAIULEIRINAY (W/m”) a’]‘Vﬁ‘UﬂimluuLLNuangJUiﬂﬁmﬂqWﬂﬂ‘U 910.7 kay 814

° o P

dmsunsainfnunuasyiowsd@nuw 45 ogen
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Abstract

The objective of this article is to propose the Life Cycle Analysis (LCA) for Rice Integrating
business. The research system can analyst for carbon emission of rice production, logistic,
quality control about finish goods via rice value chain system. Carbon Footprint Project of
Rice Product is part of LCA that start point of environmental friendly rice product.Result of
research, carbon emission is also the importance that the research showed rice cultivation,
rice mill, rice processing, rice packing and logistic have greenhouse gas emission 3.9, 0.305,
0.037, 0.0004 and 0.53 g CO./kg rice for Thai Hom Ma Li rice and 1.47, 0.539, 0.066,
0.0008, 0.0092 g CO,/kg rice for Thai White rice. Moreover, greenhouse gas reduction rate
for rice cultivation, rice mill, rice processing and logistic is 21.5%, 10.0%, 14.3% and 51.6%
, respectively.

Addsy (Key word): n1sUsziliuindns®in, asuounaniud; nszuuntsudndniduingiu

123 A

ﬁﬂmmé’am; NNYLIDUNTILIN

1. uni (Introduction)

agtuiimsfinwifedulymingseunsganiuegawnsuaesiuialsenelneies :nusunaiesaunseanly
Y w.e. 2543 (a.a. 2000) Tuguresasusulaeenlediisuilassanaianisinunsaugienisauiunisuasy
AL pUNTEANUNIR (MU1e: T 930 a1Uiu) U1 AMAneasnssuinisuassfwiseunsyanidudusiuass An
2 v @ Sa ' & - a @ v A4 a o
Jusesar 22.6 seannniandinuniinisuasefinviseunsyandnduiovay 69.6 uazillofiarsandadiunis
UanUdesmeisounseantunianunsiy wtnddnenamlunisuanddesieisounsyanuiniigaisiesay 57.7
(flanmi1)

Emissionin 2000 by 'Agriculture’ (Tg CO, eq, %)

Industrial processes,
16.39,7.2%

LULUCF, -7.90, -3.4%

Waste, 9.32, 4.1%

DiAgricultural soils,
7.60,14.6%

4F Field burning of
agricultural residues,
1.01,1.9%

management, 5,07, 4AEnteric
9.8% fermentation, 8.26,

- ) 15.9%

Total GHG Emission with LULUCF = 229.08 Tg CO,eq

Al 1 YSinaieiSeunseanlud w.e. 2543 (a.a. 2000) Tuguvesmiveulaeenleniieuvinaninainnisinuns

wazandeyadneninlunisvanldesingisounszannasn 9insvesnisuand1ives IPCC nuidndiuns
Uanudesfei3ounszaninnndt 50% 11na1nnsugndni (fanmdi2) Tnefinmiseunssandiddyiiinaindgndn
tfu Ao Aefinu Sudeswnann mafinnszuiuntsuouselsdnvdoaniisaaeentiauluund Tnsuuafidefiasg
ﬁ”wﬁmuma:mwﬁa %o Methanogen
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Global Warming Potential 100a, IPCC 2007

Cooking
Transport
W Packaging (incl. Disposal)
m Refining
M Parboiling
' i W Drying
M Cultivation (rest)
M Cultivation (field emissions)
1]

rice, IT rice organic, IT rice, USA rice, parboiled, riceupland, CH

w
wn

kg CO2eq/ kg rice
[=3 ]
- v N wm

o
n

ai 2 dneamlumsvantaesfinviiaunsyan aaendninsuaansndnd

uenniivsziuiasnisinnininfionisdsdweznininiidsainnsihu fluiidesiiiniideiuesis
wnsvane denndesiuulovieveuitn 411 &.4. 1 Judnd1iasussege adnsinedaiuaiudAgds
danadeunazmsiasuulasanmgiionniaveslan gulufiazannansznusudaindonannssiniugsio lng
mauisnalFinsinyiedumsuimstansiuieunssanuegisoiios Tedudunsudous 9 we. 2551
Tnewdhsalassnmsdusuilunsinwaiveuaniwivesdnfusisuivesdnsuimsiansfiedounssanuas
audimaluladlansuas Yaquisw(MTEC) FsnamsfnwinuinTunufimFounseanlundnfasidnnsdnives
(RU S3nqw) wum 20 Alandy wiiu 4.83 Alansuansueulaeenledifieurivodlaniundn i wnlundid
U "Léw’Lé‘aLﬁummﬁﬂﬁ’iyﬁuaw%u1amwﬁuau%jmw%uﬁﬁlﬁﬁﬂmiﬁﬂmLLawimauﬁ’mLimé’ﬂﬁumqmsﬁmm
andlunsveUiinuanfusunaniusilunan Susififinnsdeouludagndn vhlslud w2553 ymauisma Tédinng
gonuleu1eAUNITUIMITANSitgTaunszanwae INdmIInsNslunsanUSuafisseunseantunindue
gulsznoume nsrviunshuwidnenlasansd lasimsaadsunadmuluudn nssuiunislulsanu lnesinng
UmsdansiFesszansnmnslindsanu nszuaunsvuds Tneflunflunisdaaiunisiuasunisvudmaun
Humnath wasd w2550 U3t Ihdhiulasnsiauieiestosumensuaunmiuidmiunan fasinuns
Laze1mns uazuiusAdeluswaniionoulandluFeswesnisdiugsiadioandniunansenusiunisuims
Jansfmiounszan fenaastduvssiiunisudstunianisilueuian naudonaldnanuimslunside
ATOUARN 3 AU Leun

1. Iﬂidmi"?iﬁNaﬂiwu?‘iunmﬁammaaw%mwﬁmﬁm% (Life Cycle Analysis of Rice product) %ﬂLfJuﬂaﬂuiamﬁa

a

81319 USEN AL Buwesmsn 110, wiesglaadue uarnsumuauuaiiy

2. TnsannsAnwmansenudiunineansin(Water footprint) fafunusiuiloszuing vsdn 3.4, dumesinse
17 way quildoimaemymsunagndgsiaidulinsredawandeu(VGREEN) iminendeinunsmans

3. lassnsAnwinisanusunuingisaunszan (Carbon footprint) Fadulassmsiidnudewiesdoudt w.a.2553

WWeAUM Best practice Tun1snan?1InannnszuIuNIg (RSN 3)
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- A mbashcomies T
Carbon footprint GHG FOODprint RICE LCA
Product Pilot Policy = GHG Program Project
CSR@NL CSR@KP
CSR@WD CSR@BR  CSR@SP
Environmental Monitoring
2552 2553 2554 2555 2556 2557

Thailand Rice
Database

Start CH4 Emission Water Footprint Thailand Rice

Rice Research Environmental
g - Report

Sustainability
Consumption
and Production

AW 3 MIALTUNNTAUUIITINNITANDLTIUNTLAN VDI VSN T.N.DUMBSINTA 3119

2. 15939 (Research Methodology)

Fsduiunside AteidBneduiuns 3 funssy wiasfansudduneudsd

2.1 msaamstanUdesfadounsvaniuudm luiufiuvndusasuvaussnu 9nisnisianmiuasds uas
FBrsiiuUszansamuazaaam il

2.1.1 Mmsldduuazansiadl

- msliemunnudesnsvestn shemslishiiioud neumslade (fanwi a)

AW 4 urudieudlutnnaunislade

- M5lEenuTIIaIMaE BRI INNTUNMTTILUE (Fan1nd 5)
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Land
operation

Manufacturing

Production of raw material : Milled rice
Cleaning Packing

Destoner Cylinder

Paddy Rice Transport Local Rice mill Milled Rice

Whitener
separator

Brown rice and

1

1

1

1

1

1

1

1

1

1

1

1 .
1 Dehuller Polisher
1

1

1

1

1

1

1

1

1

1

1 broken rice
1

Manufacturing

Rice material

o Packing
receiving

mmmd  Rice product [asmmd

Cleaning Processing

Packing waste

Disposal

Distribution
center

Distribution

AN 6 LARKNURITNINTTINVOINGN T UINVDINENA T T1IETUTTN

Tngl4Tusunsudni3asy Gabi 5.0 Sudhlusunsudmiumsussifiunanssnusudandensnnsgudldu
M3yRNTUTTAVAING mu‘uauamﬂumiﬂiumﬂmuﬂ

1 Fogavsugl iwu Feyaduddunsunisniznd niawdswiu maugning niaiuifen masuusis 158 nisUiu
AN N13NTEEAUAT N1ldNuULarnIsIdaYIn

2 Jeyanfond W s1udpyaidoimdauagnisvudswes Thai National Database s1usailng quéwealuladlansuay
Tanuvieyd (MTEC) uargudeyadn Ecoinvent integrated 2.2

vhnsUssidiuaseuagu 5 Hansenumudandon Usznause

1. nansznumunzlaniou (Global warming potential)

2. nansenunununIn (Acidification potential)

3. wamzvmé’mﬂiflﬂgmsaﬁflmﬁauﬁ (Eutrophication potential)

4. wansznudumsanaasiilelyy (Ozone depletion potential)
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5. NANTENUAIUNITANAIUBININEINT (Abiotic depletion potential)
LLﬁwVI’]ﬂ’liVli’Jf\]ﬂE]Uﬂ’l’limﬂVlENsU'PN‘UE]?'JaL‘W@‘UafﬂiiU383?’1’13‘1.1E]'UWVI‘W3‘141/101‘14!Nﬁfﬂﬂm‘VI‘U'nﬁ’ﬁUii"\]ﬂﬂf\]’lﬂaﬂﬂﬂ’]i
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3. HaN15938 (Results)

mﬂwawlmmﬂmimmsqLﬂiwmwammumumaaumumq6] sz ipinsTinudnast aduldd
NARATusIT dewansznusiedaindeslusnusingg unndrsdu mudunsuLaznsEUILNS NANsEU@NlIYaN
MNdunounITNIzlgnine snFiegiatu vinfiarsansanssnuiiu Global warming agwuNEnanIENUAN
Fupounaimeugnandu 54.29 Wedidud (Fawdl 7)

dndrun1saasngiEauns=an LULAR=ENINANSTIATRIHANAUN

B3B8

To%
Disposal
= Usage
= Distribution
Rice processing
= Rice cultivation
30%
20%
10%
o%

Gwrur.n-n (g ©O2- AP (kg SO2-Eq)  EP (kg Phosphsta-Egq)  ADP (kg Sb-Eg) ODP (kg R11-Ea)

i

Percent of GHG emission
§

Environmental impact

A 7 uansnmsilSeuiisudndiurasnisuantaseingsounsean TuudasdanseuIunsnant1iasusIe
waziilainsieuiiguUSinaieseunseaniivanudognn1saniunsniuLuInienisaningiseuy

n3gaNNUI Adndun1sananInnszuIunsugndnn 8911 JSuusenmnin uaznszuiunsvuds eghn
21.5%, 10.0%, 14.3%, 51.6% AUy (a0 Wil 8)
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r
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B dayanaumsaiiums
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dayanavannaiiums
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) .
0.27 0.3
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asleudeinndu ATsdzN msdfulseaniniwan AT UURY
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4. afiusema (Discussion)

NNHaMFITeTiUszliunansznunaeadInndn s lundnsaridnussgne Sinseunqunanszu GWP, AP, EP,
ADP uay OOP thu wuiilunnranssnududaindon Snssuiuntmvdneglunsruaunisgning Sadiulddad
nsTazannansEUAsIndenasiUsE SN NMIKERT1 nsrUILNsTidRtRiande nszuIunsUgni was
NIBNMsAnulangreunwuImslunIsanNansENUAING1? AseUAgUNTEUIUNTIANIsUeuazasall n1s
famsth uazmsdanisundn Tagofouuvnanisufoainiiemdneninlunisanuansznu Taswuiinsdans
Fananfifudnenniiddglunsfiuussansnmnisndnwavaanansenuaunndenlunndn fuildduanseny
AARATIANGNTITIANAS

nndeyadneninlunsianddesiwiaunszannaenininsvenisHand1ivesanuynTTuNssEnIeiguIainne
ﬂﬂiLﬂﬁauLLananwwqﬁaﬂﬂﬂﬂ (IPCC) wuin Tlumanuwasnssy widnddneanlunisvandassfinesaunsganuin
flgnie¥enay 57.7 wazannindesas 50 1naINn1sUgndn aenadesiunuidefiinanisidenuin wanseny
Global  Warming #sennglaniou %]’1ﬂ“iszﬂE]uﬂTiLW’]S%JQH@G]L%U%E]EJ@% 54.29 waimsglutuneuvesnis
wnzUgnaziAnfneiieunsyandad ey tufe AefinudagnuandonszuiunmsudinveauuadiBelasldansdunid

a a v v v ¥ v v e a v e a .
1UWULLaS‘V]3']ﬂ°U?NWLWJ']’JQfﬂfULﬂuaqﬁmﬂmﬁl‘uw?iﬂﬁ'wﬂ']“mLV]‘LJ 18NSLUIUANSTES ALY (Methanogeneas)

\RnnmsvhauvesuafiSelunguiumluiay (Methanogen) fiodeludvugaduusnaiiieendiauivionalai
2ONTLAULAY (Anoxic layer) ﬁdﬁumﬁamf‘w"wszjﬁaumsﬁmiumsﬁwﬁqL‘TJuLmeamsu%mﬁmmiﬁﬁﬁfaéwﬁ@uazmﬂ
foyamsideUiinaensusunaniuivomanfasidnasiinseild 60-70% m9innssvaunsliudenghv
vionsugnin defeindidndruiigalasiiadenareuszns orfidu Wuginivhnside nmsvausenuvesun
Wisnandasiols Tasnisanfedounszanluundnesuddutuasiodidmanseniluduausonandavioiin
NansgnUUAULiNIAY 19U nandndelsanasuardiiinsgsilunmsnilusedulan ueandouaves  IPCC
nszuIumMsUgninirdnieiSounsranussanadasie 29.49 TG CO2 vioUsvanm 29.49 rudumsuausied G
NnHaMTITenU MnuuIansUfoaTaluudn SdnenmisrannansenufufieFounszanadldussanm
15,53 dusiuansuausiel ieUszanm 6 % vesmsUanidesfedeunszanlunmaamedlan
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5. @3Uwna (Conclusion)

Hamegnmisinulunsinuensueusamiwilundadusidn fo Vsinafedeunszaniifatulunisyim
flosan AnssumsviundriduianssumdniddadudinaiudeunssanUinamnn SnsRansaunisviiun
dfenan Sefitadedfinanssnudensiafmdeunszanlunaieziuuy weluduvesianssunislals msdans
1h gt viouduinsuimsdanisundn

nndeyadinaniimsazinsfnwiitevumdumsannisuantdesfefimiluundnluvatouuima ity
nsfawasiuiiiiiannisudesfmieunszanidesaniuginifssuunnidndfansuivinliAnanm
oxidation §1uaumie (shoots) Hey FefluwiluiiezddesTinutesnindiafugdug nsdnnisnisimizugn
(Cropland Managementhitu l#teminvidemantnystnnouldaduw dsisandadin O/N adlsimnzauuas
LiviliAnanzmsdunsaluund usu
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nandamans lunsasuuudasmuitanniuilivaendusaunaisud 100 108 $1u9u 21 naen de
wUasruna 10x9 RS uaggs 1.5 wns vldedldndsnuds 2100Tndusainnisitaedlagliiuudiaeamnia
ARnAEns wuaTlraenlalonUauas (LED strip 5050, 120Deg, 15m) 0.23n#duaU 1260 wiaen g
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AAARY: “AULUQYINNA; LUV IR NASAFERS; aonlalonlUaslas”

Abstract

In this work, the energy saving on lighting of Chrysanthemum greenhouse cultivation is
studied. Generally, lighting with intensity more than 80 lux applied by 100 watt incandescent
light bulbs is required by the chrysanthemum during their long day conditions for 30-45 days.
In this work, Light Emitting Diodes (LED) are used as a light source and the results are
compared between those of LEDs and incandescent bulbs through Mathematics simulation, a
commercial software, is used to predict the light intensity in the greenhouse and it is found
that within the area of 10 m.x9 m.x1.5m. , the energy required for 100 W incandescent 21
bulbs is 2100 W. which is much higher than 252 W of energy required by LEDs (LED strip
5050, 120 Deg, 16 Im/tubes) 0.2 W 1260 tubes. From the results, it can be observed that, by
using LEDs, the energy can be saved up to 5 times of the original incandescent ones,
resulting in the lower operation cost of Chrysanthemum cultivation with the longer LED
lifespan.

Keywords:Chrysanthemum; Light Emitting Diode; Mathematics simulation
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235938 (Research Methodology)
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3. NaN15398 (Results)
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4. afiUs1ema (Discussion)
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5. d@gUna (Conclusion)
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Abstract

This work focuses on the electricity generation from low grade waste heat by using
thermoelectric material. Waste heat from fertilizer manufacturing plant can be found in the
range of 35 - 200 degree Celsius during which only the temperature difference less than 40
degrees Celsius can be used to generate electricity. In the experiment, heater is used to heat
the copper plate attached on both sides of the thermoelectric material and Teflon is used as an
insulator. The electrical power produced by thermoelectric was subsequently transmitted to
boost converter to attune voltage for the battery charger. In order to measure the electrical
power of the thermoelectric, a single module is built with internal resistance of approximately
5 was an electrical load at difference temperature of 35 °C. To compare the results, two
thermoelectric modules are connected in parallel and series. It can be found that the series
and parallel connection can produce power at 0.55 W and 0.25 W, respectively. However,
when 10 modules of thermoelectric are connected in series for boost converter, electrical
power only 1 W can be found with a temperature difference of 36 degree Celsius.

* kaokanya.sud@kmuttac.th Tel +662-470-8695-99 ext. 114
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This is because when more than 2 modules connecting in series, the electricity produced in
each module cannot be charged to the battery but rather discharged to the neighboring
modules as an electrical load. It can be concluded that an increase of voltage is varied with
the temperature difference and less power can be observed if more than two of thermoelectric
modules are connected in series.

Keywords: Difference temperature; Fertilizer; Thermoelectric modules

1. uni1 (Introduction)
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2. 35998 (Research Methodology)
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S Fan

/ Heat 5|nk
/ Copper plate

| | | I Thermoelectric

Copper plate

Heater
27 3 Luudnassnsindamnesludidnrsndmiunisveans

3. HaN15398 (Results)

Tunuideiildinisoenuuuamnaesiisnaeadsnuarufougungli 25-200 esrweadea (i 3) Fusoulst
Auoushevamaruieu uazldaiussuieamnudouiilaudu Ingltinesludisnyidniu TEG1-12610-4.3 naaeui
mwwmqquﬁ 5, 10, 15, 20, 25, 30, 35 way 40 mméfmmumwaﬂﬁ 1, 2, 10, 15, 20, 30, 40 Laz50 Tou Wa
nsvnasmeasuwesluBisnyiEn 1 Tuga uansisnmd 4 Tneslmanudumunielud 5.4 Ty

35 -
2 3
(]
6o
8 25 1 e \/0C of TEG 1 module
° 2
>
o
5 15 -
3}
1 -
(o}
=
S 05 -
8 o
5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0
Temperature different (AT)

Al 4 nswipusnadngliihvesvesludidnvin 1 luga

'
a =

wievnmddlihgeanszuugnindmseuiuinausruieanuseurua 12 V iedislunsinumaumgil (nni 3)
Tunmd 5-6 Neusuni 30 - 50 Tew aglvimndsnuluiigadszana 0.9 W
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06 03
05 », /‘ 0.5 .
—_ ¢ Result % 2 ¢ Result o
‘;: 04 LR 02 " L 2
()] /’ a ‘ ,/‘
2 ® ¢ < /
8 0 ' 5 o */
5 A 2 J
*g' 0.2 ‘,"’0 g v
o AR 2 = 0.1 o
8 & e
0.1 1 * g ‘/‘ ‘
p 0.05 Q,'
° »é0
0 20 40 60 0
AT(-C) 10 20 30 40
-0.05
ATC0)

awil 5 enuduiusvesidsininiunasinsgamgiveunesiudianyia 2 laauuuiesunsy kA AovTuIu

7 035 -
— e \T 5
e AT 10
6 4  em=pAT 10 03 -
>° 025 -
&
sS4 < o2
[«) L
> [=
53 £ 0.15
SRR
g o
2
© 01 -
|
0.05 -
0 —— o E——
0
1 2 10 15 20 30 40 50
1 2 10 15 20 30 40 50

Load resistance (ohm) Load resistance (ohm)

dl ! 3 o] a U kg
i 6 Anusnsdndlnihnaznseua wWisuiflsuiuanuiumuneuen
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Power (W)

AT s AT 10 AT 15 AT 20 AT 25 AT 30 AT 35 AT 40
Temperature different (AT)

AN 7 nsansinasliiussuiisuiuanusuniunlsuen

Output voltage(V)

0 2 4 6 8 10 12 14

Input voltage(V)

i 8 usasiulnidleruynaeuawes

INNNA 8 2ATYARDULIETHLTIRUNATRaINsTut s ITuBuNRYsERNa 3.508d f1dndnarlilauseiu
1AnesaINsiarausatunniulisydlianansoiilssuanawiniussiudunalageinunniiuliagein
TiAnanudemeiuaeulvamesla

4. 9AUs18ma (Discussion)

.:4' 1 o i a’d a ° 1% v v v 2 o 8§ Ya o noa '
ﬁ]']ﬂﬂ15%@683LN@1MQ371J5@ULWLW@%I&IE]Laﬂﬂiﬂ%%u7ﬂ37N§GUQ7ﬂﬂ’]u5§]u1ﬂ§ﬂ']umu‘1/l'ﬂ%mﬂLLiﬂﬂ‘Lﬂ,Wﬂ']LLG]L@J@VLN

' v
a a = A

ansnssvIsAuseusenIIndwduliunafiieiufoduugangigadushtudufeuinllahAnnasiig
gamgiannsvaaesasiividmaisgungiunibdlusadulnihuasnssumnntu sanisvaaesiiaausingmn
nuFnndeyatildanauaudiemzvedsinundn Wemnnsesnuuuissuisanuseuiitadulivnzanuay
Amugadsansyuu ussiuveamesludidnviaudazdiliviiuwilrinesTludidnviafiiussiuinnnindenssua
ifumesludidnvieiifussiuiosnivilinssuaiineliiulnandosasdsaildnssuaniniians
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5. d@gUwa (Conclusion)

aylannsmegeuszuundandsnulnihanaudoulasldivesiudidnviaiues TEG1-12610-4.3 wuilbugs
oumMgiiAINI 200 oeralaIdea narsgangIf 40 ssrwaldua wnanesludidnviaaansandniadluiild
Uszanas 1 304

a

6. NARNTSUUIZNA
ﬁ%é’amamaummmmmuwawuaqLL’maauLLavaam WINeSeAlULaENTEA0UNATUYT TN 91915857 nwn
LLaquLwauq wﬂaalumﬂiﬂmmmﬂmmaﬂu LAZYBYBUNTZAMYNY AU SLumaUﬂi’mmaiuﬂwaniawaaauwima

25019 ﬁ@]%’]EJ‘UGUEJGU’e]UV]ﬂW’m‘WQ‘W wewumazlie 'EJ‘LJ’]&WW]’]SLM\‘I'IU’J‘R]EJU’GWLiﬁ]ﬂ’wﬂ
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N1SWAILINTTERNLULLAZARAIVAan lalanauaslulsuanaIn sy
Design development and installation of light emitting diode bulbs in an

industrial plant.

o 1*

sasRsy YuRy’, Anwed unaius’, il Meused’, Wiuen gauszissy
'anurwdsdunedenuas Tanuminendomaluladnszaoundsul
“medvimnssuenamnig auzdmnssumans anineidomaluladnszaeundisuy’
126 auuUTEVIQNA WUNUNUA LWAYIAT NTIVNUMUAT 10140

rongsira@gmail.com

UNANED

mu%%&ﬁﬁi@qﬂizmﬁlﬁaﬁﬂmmi‘ﬁwmmiaamwuLLazmiaﬂﬁy’waaml@IaﬂL,Ua'ﬂu,aa (Light-Emitting
Diodes, LED) lulssnugnamnssudielilduuimsnsusendandanulnihfifeddiunisdeaing Tnsas
Tdnsdunadielusunsuneufinnes DIALux ® Fwmdnnisieuvedusunsy agviin1sAiansannis
nsvaauasluusiaziuilussuudemeiuil 91nnsninsnszaeRaidens a1 ndurhnnsmuaam
'«j’wmm‘waa@LLagﬁwxmiam&y’waamluLwiaziszmaaﬂmLﬁaﬂ'agi’mmiqagLﬁawé’mulw%%waam
Ialonasas Wisuiflsunmsindmaeauuuuni annsuanuimaselalenasuds ansauszuda
w&aule 44% fauaingdda 1,500 lux Iudauﬁuﬁﬁé’aqmsmmazLﬁamqaﬁuaﬂsqmu WAz @730
Usgndandaanuls 259% Ainrwaindddanu 350 ux ludwituiidrinauvestsany nmsinssidoya
maAswgAaninui Wevimaasunlivasnlaloadsuadlulssnuasiissognarduyulssana 50
ou

AaAgy(Key word):DIALux ®; niaentalaniuaauas

Abstract

This research aims to study and develop the design and installation of Light-Emitting Diodes
(LED) in theindustrial factoriesin order toachieve the practical guideline in energy saving
through lighting. In this work, the computer programing namedDIALux® is used as a
calculating toolto determine the light emissionin each zone.in the system unit of the light
distribution curves. Subsequently, number of lamps and tubes installed in each zone are
calulatedin order to measure the energy loss from LED lamps compared to normal lamps. It
has been found that by using the LED lamps, 44% of energy can be savedat illumination of
1,500 lux in the factory zone with high resolution. For the front office zone, 25% of energy
can be saved atillumination of 350 lux.For the economic analysis, by adopting LED lamps,
the payback period is approximately 50 months.

Keywords:DIALux®; Light emitting diode

*kaokanya.sud@kmutt.ac.th Tel +662-470-8695-99 ext. 114
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1. umid1 (Introduction)
SLuﬂfﬂﬁmuiiwuwﬂiuﬂauamammimum*&Jau"l,ﬂﬁ]umamamﬂiiuﬁumﬂwmum’mmaqmﬂ%’lmlﬁwL‘wamﬁammw
othan Tanmsveesulsanuiifisiuasmsueemdnsmaaliiieaed sanudeanisvesuilan G
Usinalwihilflunsdesaiefansonelifnfunummdsnuesmmadimiuiuan fafumuidedidsai
faanudifresnisiawssuudesaindlulssnuanamnssulagldyalaunasnlalenauamiiauasdu (White
Light-Emitting Diodes, LED) ifluszansaimlunisdesadne (luminous efficiency) g¢ Usendandanu ongldau
U uazUsmaInatsusen teldlulsanugaaimnssy suluiiniseenuuuszuudesainddaslilusunsy
powRADT DIALUX ® Gednmavihnuredlsunsufio asvhmsiansanainisnssmsuadluusagfiuiilussuude
mheiufl nnsmmanszneuasiifesnts mndwhnmssuaminuaenuazszernsiataasaluusiay
Tyuoenunifiefivrfansgapdendanulniivesyalaunaonlalenduanuisuifoumsindmaonuuuini 7
Aunzasfieanuiuanisldlailulssny duaifeidvinisfnudwadonaiuainswenaon
Ialonuduas iiothlugnisiamnssuunaenliidosaiadaevaonlalonauasiflszavsamdsdu Tnsflemiade
fiAeados BagildvhnsAnmlised eun Ssitdde (2553 undage ) medimaszuukasaiilueIms wut
915 TlsEAULasAINaNNIASEIY IES (Intermational Education Services Wiagendn Fslindsanuluiin ionns
nanuasainsluseiufige Aumuumanisesnuuvandnenssumelulva fezannislimdany naasuse
Tsunsy Dialux® Ms3enuiranansaldvsnauadiinussloviggalalagnivavaninaieluaadaenssy 3
Uszns Aemunusasduanudliainaue, sasdmuanudIeuiliu 1:3 waglddnsiiaing awnsoan
USinainasUszRugld 5 win lussdunnuaineiidininfiuinsgiu IES (international Education Services ) wi
dlasansiinnunelanaridnaing aamslindanuliiuazannisessuuuivenmannanuieuvesnidlauls See
az 20 gluUns (2551) vhmseenuuuuazdnszuuliihuasuasaisvesiosUfoRnng Adosnisaauadng 500
and melusunsy DIALUX® wavein1sAmnuinitaumulidnuiumaen 68 vaen dlusunsulaszandladiuiu
vaen 72 viaen wuhsuumasadialndiAsstuieasuldiinsdualeslusunsy DIALU® Sanuudefiouas
annsalfiduedosdielunisesnuuuszuuliiiuasaingldauideildnarundrsiulddnuiieafunisliuasty
WwyanALazn1sUlusuATy DIALUX® Tunssrasuasuuiiuiivheny faunuddeisvhnsesnwuunaaindy
TsssauvgandalaglduuuitasmisadinaansluniseonuuunsiniaasalnlalealaiuaiuazAuinssuy
wasadinnmelulsaseulildanuainmuanudeinisvesnaudilivldlulsaiauass

2. 75999 (Research Methodology)

Tunmsanelusunsy DIALux® tJulusunsutislunisesnuuunlagAmunaLadedan1sanesaesdnyug s
Aee nsdnsnestwesaulunes ﬁmum%famaqﬁuﬂmNs]mEﬂ,w‘aaﬁamlﬂﬁammwmmﬂmﬂwwﬂ,m
Foulvdmiunsinwmaassguiisdnvazdsnimi 1 Uszneusneieuly il

1. iuilsanulaefvusauaiiaads |5 1500 Lux

2. fluiidnineu Ieudseendu 6 #oq

- FosUszyuAAIIRAY 350 Lux U 1 04
- FaarhanumuaIueds 350 Lux U 1 %9
- ARuAINEeaY 100 Lux WU 1 Y9
- Foufiuresnuainuads 100 Lux WU 1 Y9
- ouharwainaads 100 Lux MUY 2 Y9
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7

W

I W SR A d—

AN 1 KUUlSHIURRAIVNTTUTUIANA

AN 2 wuulsanugeanssuludilssnunldlandesinuuuund

A 3 wuulsanueeannssuludiulssnuinldlaudesinuuulalonUauas
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@) Illuminances

2500.00  x
E} 2187.50  |x
1875.00 |
1562.50  x
1250.00 |k
937.50 |y
E] 525.00  |x
E} 312.50 |

awd 4 sUluunsdesalvedlandesaakuuUnAludIul sy

@) Iluminances

2500.00 |y
E} 2187.50 |x
1875.00  |x
1562,50 |x
1250.00 |k

awd 5 sUkuunsdesaiadlaudesainauulalontUduaslugiulsany

A 6 wuulsanueeaunssuludiudinnunldlaudosinauuung
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600.00 e
525.00 Ix
450.00 Ix
375.00 I
300.00 I
225.00 Ix
150.00 Ix
75.00 Ix
0.00 Ix

600.00 I
525.00 Ix
450.00 I
375.00 I
300.00 Ix
225.00 Ix
150.00 I
75.00 Ise

0.00 I

amd 9 ULuUNsdesaedandesananuulaleaauadludiudninny

3. NaN15398 (Results)

nMsAnelagly AmEIng 1500 lux 350 lux wag 100 lux Wudeiuualunisiuiumsuiuasaln n15dn
NenzaTUTIALT Auadigess uasidsliiivemaildlunisrhausisuuusiasmendnans
wuilsseugnamnssuludnlsanuaIy $1uau 1 %ies Fafin PHILIPS HPKO8O 1xSON400W R GC ilnaonlsl
Ve 26 wasailmauaineds 1500 lux Wisuiisuiuvaonlalenidias PHILIPS BVP650 1xECO/740
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26K S Fedldmasarianunsiuiy 32 vaealagluniseaniuy fnwi 2 wasawd 3 waz lssugnavnssdly
drudtingaIu s 5 wes Fudld PHILIPS 332TSW 1xTL5-28W HFP NB fivaenliimun 67 wasnailiay
aiaade 350 lux waz 100 lux wWisuifieufunaenlaloniauas PHILIPS BCX414 6xLED-HB-4000 #asld
VaeATIUASILIY 347 viaon Inglun1soenuuy fan il 6 wazawdl 7 fldenuuusiasmneadnenans
annsaandnaailiilg g

A15199 1 WSeuisuandaanuluingiulseany

.- KW-HR Ft Total
msmsuT 09.00-22.00 \ 22.00-09.00 (Baht) (Baht)
launaenuni

ANAI UL 915.20 2828.8 3744
Aluin/miae 2.6136 1.1726 0.6157
U 244687 3317.05 2305.18 8069.10
lAuvaen LED
Anasului 678.65 2097.66 2776.31
At/ 2.6136 1.1726 0.6157
U 1773.71 2459.71 1709.37 5942.79
naswelddefiannsalsendals 2126.31
asnefl 2 Wsulsumndsnulniindrudineu
. - KW-HR Ft Total
LN 09.00-22.00 22.00-09.00 (Baht) (Baht)
Tauvanaun@
Amasului 188.6 583.1 771.69
Aluin/miae 2.6136 1.1726 0.6157
U 492.92 683.8 475.13 1651.85
lauviaen LED
Anasuli 171.00 528.55 699.55
At/ 2.6136 1.1726 0.6157
59U 446.9256 619.77 430.17 1497.40
nasAldefiaunsaUsendls  154.45

4. afUs1ema (Discussion)

MNAdeues duuns (2551) vhmseenuuuiazfuuszuulwiuasuasaisweses foRng Adesnisany
@119 500 and selusunsu DIALux® wuitdrwiunaeaiiattndidesivanuiuasadsagulidnnsdunlag
Tsunsy  DIALux® fennuinfefieuavansolfifundesiielunisesnuuuszuulif Selusuidedlild
wusaesadamanslunisiaesuasaislingausuiiuiivhon sgthelfausadenviavemasaluls
wnzaufurniuildaosuarausofinnsanuuiliuresiunualiane 1w Avaealwvdorluii dudu
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Fadudefvesuuassmadinmans Idusumsdeuasiieluiiuioss uay dwulssnugaamnssudieds
funniasaing Fslunsdnuldimuasualsanuveddsanugnaimnssuvunnas waginsiisudfisusuiuy
n59M19nalANsEULdDAINYRdlssUgRaMNTSHAR UL WUl n1sldlandesadnuuuldleniUdaadudiy
Tsauaganunsadszndandanulnihlauinnilaudesainuuuund anmsewamuimeenlaloniaauss
anunsausEndandanuls 44% fanuadneddau 1,500 lux IuduuﬁuﬁﬁﬁaﬂmsmmasLamqwaﬂswm
Fa919797 3 wag anansaUsEndandanuld 25% fieruainddan 350 xuag 100 ux Tuduiufidinnures
Tssaufannedl 4 mnmsiiasgideyamansugmansnuin WevhnsiwasunlinasnlalonUaualulseny
wilsrusiinAunUUTEII 48 lhou uennil MuATevesimuzuAYANY (2507) MUt viaenBuLALIARITLA
TWianuaisawnnivaenlesuliiuag vasaaawdlan uiannislduuuitaemeadinenans wuil vaen
Ialenasastirnuahaadsvuiiuivhnuiinnnimeaeaduseunaeuduazdlivasalalonduas

A13197 3 Wi ugURuaUAYalaNE Ll

stinvadlau 318019 s1a7/1Ax 31A1
PHILIPS HPKO80 1xSON400W R GC 26 15,802 410,825
PHILIPS BVP650 1xECO/740 26K S 32 18,500 592,000
HAAIIVBITIANBYU 121,148
szezmauy @) 4.7475

M19199 4 WSsuiisutuamuegalavdudinenu

yiavaslau 378015 5181/ 1Ay 5181
PHILIPS 332TSW 1xTL5-28W HFP NB P 67 2925 195,686
PHILIPS BCX414 6xLED-HB-4000 347 605 210,188
HAAIIVBITIANBYL 14,502

szezmauu @) 7.84

5. @3Una (Conclusion)

nmsAnwmuiimsldlsunsy DIALux® Tunmsasauasaidlfmngausufuiivinnuasdielvanusaden
yinvasvass Wlimnzauiurnaiuildaesuarannsofiazquuiliuvosuyualidng dmsvludmvosludm
vodlaauiesdesnauusauszndamdsnuldnnitlududdnmnunnssesatluntsfunuuiund fady
lunseenuuussuudesaiilulssugaamnssuasfiasionsanisnrudunududidydnfnisnsiumi
winraNiuszezaInsaukazaildTensnendulnindudfey

a a

6. NAANIIUUIZNA

ideveveunszamuaandanudsnndeuuas van unninerdomaluladnszasundisuy’ uazdwinnuuloune
LAZLHUNE 1L TENTINEI (aum ) Aliulunisineudde veuan e19158iivinwiuasilieu nesls
Fuinuuieatumiaded uasvevounseanmng au luaseuniiiinesliiddladiseanlaenann anvhedveren

nnvihuiafsenuazlieswuivilienuideiddnsased
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Electrical Mower Machine
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UNANED
mATeiunsitanetosindn ied e fisdudutrivluunduanduladvegrmilsiidmaling
wasluudnanslne TngUszasdvesniseenuuuil teanuan1izsine fidatuannisliiedesdadng ity
wuuldthiuuuBudundsnudomds Wy vanmzmenduiiiianisaty wasdodiinennsdunlaes
wieeud Wudu fuiumiddeitesnuuulnglduemesndiliianuunnesswn 12 V 5 Amp uay
LOWRsYWIA 12 V 1 Amp HfiM8auyu2000 seuUsauil LLa”Lﬁut}hﬂuﬂﬂm\‘ﬁJaﬂUﬁﬂ 60 LWURLLAT 270
mu’maa‘uuumemm’uwwﬂumﬁunmmzal%mwmL‘UuL’amam gswiinends T nusinlddn Tudte
umuﬂams 2.2 Alandu SnvanusnanaldTedundanudomaeindd vinmdedios 5 ~10 Falus
it

o o w
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Abstract

This research aims to develop an electrical mower machine for weedy rice and to reduce the
amount of corresponding pollution such as odor and noise. Weedy rice is a species of rice
that produces fewer grains than cultivated rice and is always considered as pest. The mower
machine was designed to use 12 volt 1 amp DC motor with 2000 rpm and 60 cm diameter of
blade mower. According to the research results, it was found that the minimum time that the
mower consumed for one rice-growing farm mower was 2 hours with the minimum weight
about 2.2 kilograms of weedy rice.

Key word: Mower; Electrical; Machine Design
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Plastic Spin Dryer Machine
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Abstract

The problem of increasing wastes at present cause the landfill and destruction system to
include higher costs. Inthe year 2011, there were plastic bags at the rate of approximately
14% of total waste, representing 2.18 million tons of the wastes in each business. As a result,
the recycling business assists in transforming a large number of wastes for being used again.
If the used plastic bags are brought for sale to enter the recycling system, this manner of
handling will generate the jobs and incomes for many communities of several provinces in
Thailand increasingly. This paper is a study into the design and creation of the plastic spin
dryer by aiming to 1.minimize the quantity of wastes and generate more revenues from
remaining, 2.design and create the plastic spin dryer for use in the communities and
industries, and 3.test and evaluate the plastic spin dryer. The method of study as well as the
design and creation of the device isdivided into the following steps. The first step is to study

NEE BINATUUN
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the quantity and type of wastes that can be brought for recycling to add the value in order to
determine the size and kind of motor. The second stage isto study into the process of plastic
spin dryer, pattern and the procedure of operation. The third step is to find the quantity of
plastics as appropriate for spinning at each time, including the proper time for drying plastics
by spinning. The fourth step is to calculate to find the breakeven point of the plastic spin
dryer and conclusion of results. According to the study into the information on the wastes in
the category of plastic bag based on spin dryer testing, it is found that the appropriate
quantity is in the range of 75-100 kg / time and the right time is in the span of 20-50 minutes
with the payback period at 0.68 months.

Key word: Plastic Spin Dryer Machine; Waste; Machine Design
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vilUszmmwhluidssdesunseanmaidulsasig 9 1wu lsauzids uas Tsaii 1usu Felul 2555 fuezya
HoBlAnT Y 16 1usy 9150 43,000 Arumilusiuaud 22 LUai‘L%uﬁLﬂuﬂuEJ3‘17|“Lﬁ@%ﬂuﬂqamwwmzﬁsuazﬁ'gﬂﬂwlﬂ
fdnahagniasmundnisinsiifies 36 Wosdudlasvesimdognirdaisienisuvienasiiduiuiisniis
Tnevezduaansoutseaniu 3 Ussavilng 4 liud 1. vezdovaasld wu wvemsuaziiein 2. vesdloda 1wy
w1 wanain lane/elavy way3. vz Wunszdosersnuaas vasali diulvane Wud el 2541 nsumugy
vafie Wfinsfnedes wwamansaauafivlassnisiawvends lulassnisdestusazudlodymivafivain
ansiniluavvedds nansnwmuiinisiienian Ussiavuii nseany nanain uaglanenne wisledadlites
sdnasumsaianalanisifaqudoldusludaliniy sufmsuusgveddudandusdln

v oy
U A Yaw

velifRfeysinnuaulaiufiveuiveesnanatin ewinwatafneglutinUsedruveasuiniian wugamaiadin

Y 9
o @

dmsuldemisfeuqdu gananadind wmsuldvesmuinaniesiudising o 1Wudu wiludagduisnisiidnves
nanafniuazgniiduteilinavuazdeddszernaunilumsgesaans (nsiminesing, 2551 uarainmsfineins
SlwAavesnanadnnuinnnuszwanadniiautugs (Yen) wasdidsanusnidousy 1wu fu vidnslaAaves
wanafnagvhmsdnsianuazeauas thuukadeu wiliveswanainussiandandnazanelaildmeiniiang fadu
Wodunsandiuaveziazaieneldiudunnvesingold §iseTdndusonuuunazairaniostuuse
wanafin WioasUTinaussaain niafiuyadiuazaiunsoadisnuazaineldlitummusioly @uan lve
ai’aﬁuammx, 2546)

2. 35739 (ResearchMethodology)
TunpuvedlasiMsaiuaissduwimaaintiunueITelafnwuiunm sllaveswesnatafnianunsadiusleda
W lTEUSUNISAINUATUIALELTTAVBIUBMDS DNIIANHINTZUIUNITYINIIUYBWATBITUWIINAERN WanadaU
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2.1 |ATHFANEATIAINTTY
fusiililumsinsesiyariveaiu @swms fogiand, 2551)

P = yarvdonasuvesivlutisandiimunlidutiagiu

F = yarvsenasiuvasiuluawinn 019ldunueves Futureworth (FW) uag Futurevalue (FV)
mhgum

A = yaAvediuseiieuniessl Afidaianewindu envldunudives Annualworth (AW) uay
Equivalentuniformannualworth (EUAW) #uaguvsiel nisuimsiowfou
n = NUIWPIIAEMTUMTIATIEN e U hou visetu
i = Snmnenide viesnrmanouwrusetiaIe e Wesidusiel wWedifusaifou vieiesidudetu
sAuINHATINANFE (Single-sumcalculation) Aveaiulusuiananfudiudsiuiitegludogdu awnsa
Fuanildann aunsseluil

F = P(1+)" (1)

18 (1+ )" 13871 Single-sum compound amount factor \Weudaanwallelu (F/P, %, n) #soon1af1uwIaiAn
vosdululagiudlonsudwiuduluewasldanaunisseluil

< 1 o Ny W v
Inei| ——— [138n191Single-sum present worth factor \sudey nwallendu(P/F, %, n)
(1+i"

¥
a

MIMwMU UL ULELELenLIaT (Uniform series formulas) M3AWIRILIUEUR35E asfiansan
Guilifuwuuseioy wiesiel mussovnatuazasinenidefitiunlageiaiuasiuuduiitasitae
Wi assnauazvinsdnamGulutastu viermuntuluthstuudunmBuautaanatiideanis
Faanunsosmnaldlngldaunsrolud
. . n
A=p i(1+1) (3)
a+i" -1

2.2 sz8eAUNY (Payback Period)

inasiszezAunuidunasiddaresnarfinausglovigriannsiiduny maflsildsuudazdsmiu laodu
Mlsansudawinn1s ponile uazAndeuaues ningaw) wirfuAldanelumsamuiBuusnuestasnis dufiesh
msfirsanundildunaustlevdduiualdielunisamu duu mnsidunuudwalsslovdduiusuou
Fuiasuldsaiifiesd mnzamnudsaiosuazdamuainsafuineuuldluamuiionussleviluianisdu
7 deluinasinisfndulunuusses Auyuiiduidenldtumnnluansgstanionsdifinundesgs onii nsdl
fuszneunsAndudsussiugln Tnodlivedvans nsindndasidindnesngnainenagnduisiudeunuy
uenantiu enawdnyiuanades Fufsrtuanunsaimaiedulssmaiiazasuvielugnamnssudsiivalulad
Tyl 9 Antwdaunn faiy dnamuieadenlasnisilliadsslovdiudlusseznasudy
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3. HAN15398 (Results)

suwuusarlassaslulagdudiulveg Geeiand gissusnd wavauy, 2550 , Sseimninissusnl wavamy, 2551)
Wuguuulassaeiidusnwaesldsyuunalnalnglivewesidusdsiduasiimsmaseusegiadansmiu n1s
Huutis neufivzthgeanafinintiuuts fosiiunsdndrsiennihgmaiafnasiedndrafievinaruareiauazen
oudrdaunduwts viedneghaiimautuiomadilulunendoduniuardninareneasenaiiodnie
ponuaziusuufsguuuuiarlassasdlnfunsannifusuuuulasaadusamasumiioudy melasaig
wnwdsueduufitaslinanainaziieilality

sUuvunalna luewmesifumuvamsnuliihlidundinunena derdrduiesuies Fnefufssazliluns
nazoulvimmslumsmunuiigesnisnistuuds amsniqmanainladlulungndoldios Tneflddesi
nsdndesevodngs lunendetiuukadliiBnsindalaensdmiuieuasinarernanduuuiiofndouas
Huuiaiiiien Ineldfosmutedn (uinsiauniiung wavanmy, 2550 , ufnsfumiuniuazane, 2553070019
AnneiuazUivussannsagUosnuiduuuiiensndalafaldnmi 1 wagnmd 2

i = y 1 a
AN 2 LAToaluuananamn
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3.1 Jaquazaunsal

1. wianudunauwuin 1/2'x 2.0 fiadwms (@9u) wazwun 1.1/8" x 3.2 faduns

2. mpneuuunAvEsIrLITEN Y Fesndne ni 1 1/2 B Waanuun 3.20 Taduns

3. perugnUudnan SKF SYJ 506 vwingluinan 30 fadiuns

4. yoweiwa3nse 2an (i) i 220 Taduuuudemnuigiseu 1,450 seu

5. fUUAs (Cupping) wuudinngu (Flexible Couplings) ¥u1agidn 20 fiadiuns. WWNgeen 22 ladkuns.
6. 105UAYIINYINATOU (Worm gear speed reducer) "(8n319a 1:20) wandnegans usaihidr 3 HP wwadn 22
HaAlnT Na190N 32 Uadkms

7. 4@guuy 2 909 (B) vu1n 3§ 1 69 WU 2 909 (B) 12 11 1 i

8. &N (B) I 2 Ldu

9. vieUszUn PVC aunn 18 fiaduns.(1/2 §2) 1nsa 8.5 51An

10. aumandesluls faduwns (1/2 )

11. Fadnthuseiu indeauen 18 adwms (1/2 i)

12. Jseasnaman mudszneu wazaunsalanulih

A laesIn Uszanas 42,500 U

3.2 A3nslduasSunauiivangay

1. thomanafnlddnlvludeddvenadosduukmaiain Ysinalunsld 50-60 Alanu (lalsaandy

2. W udr denszirldthendng dhamnduuuedosiuuimanain e Fadathuseiu Wnsyaedhoonin
ihileeninaznasnirendnin dalinavhliasuanusnugneants \Wathidl3liussana 3 unil

3. Uedodliiadosthuuimanafin wundosiuifisashen #ly 2 uit wasdabdeslingndovsuly
Uszann 5w

a. o Tngldhavennsiu wdmiussty Tad llusgnfelluukafiossdrahendnadesenusvana 3-5 unil
udilnth dwiniaseluedesduuioanain Uz 100 Alandu yasdhdidadlund Waatlunisiiuks 20-
50 wififeaza%e Tuagiuuasunn waakssldinan 30 witfuisadnue Suaatiosldingn 40-50 urfimae
araduluennalundey axdinaronstuus

A15197 1 NANTSNAABAATBITULINANERNTALUNUANIZLAR 2 @NNIEVINITNARBY 4 ASI ASIAE 5 58U

SrauTei UARIA asu(lsidunn)
NAADY wanduuis  seuuensnwes  nanduui %AULANA
(W) it (W) yaaimin
1 20 11.47 20 09.25
2 30 12.30 30 09.50
3 40 13.47 40 10.01
4 50 13.98 50 13.58

NAINN 1 KaNseaesAIBsduLIwaNaRnisuiuan1IzuAR 2 an1EinTeaes 4 ATY UsEavsnmg
AinTuaztusgannzuaan Niduguifnszanuiuluenaiiinanisssivieresvaasowinn
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4. 9AUs1ema (Discussion)
MnNsmanlavinITiwgdaunsaasUlail

Sruruluasuiiudu 32,500 Aldaedeiiou 3,000 v 01gmsldnu 24 1Feu leyareniiansiniu 5,000
UmALsafiouas 9,000 v Teldfiniainazlatu Uszneuse s1eldfiAnainisie wanadn wdeldluyse 9
AUsrates 50 Alandu / fu ifouay Ussana 1,500 Alansu Tnesinedeegi Alanfuay 10 vm meld 92
15,000 U AoLADU

M19199 2 wansanldnenaUsvlovikasraUselovianivedasinig

iy Aldanelumsammuisuusn Aldagluns HaUselevl waAmaUselov
AU and
42,500 81,000 180,000 56500
2 - 81,000 185,000 104,000
JpeElIaIAUYY = 123,500 = 0687
180,000

WeamulasenistazAunuluszezig 0.68 U uwavdanunsalvinauselovisednvansy

5. @3Una (Conclusion)

FloiAa (Recycle) Lﬂumiﬁmms’;’ammﬁai%’ﬁﬁwé’wwﬂumm Tngtlununszuunsuusann lnglanizn1suaos
wigliduTanndudrtnduanldléen Gm";’amﬁmumnmﬁamwuum%vLﬂuwammﬁmmemawamm%ﬂlﬁmlm
SlmAadanumnessaniga (Reuse) Somnedsnsindualdlmilagliinunssuiumaudsaninlan fidy
(At Sszdmsiion], 2550 , Ussnadeiungassand, 2555) gsRvslafauiinuddyimszysemelned
yunlngiinadiondy 63 duau luusarfuszivedieanlsinuuazadaidousuauann dusihysunantunns
lofa videtouudddilssnulada sidusasiussmafashituldonmn nainsutewmswanaind fugsia
mumimy’mnLLasluamﬂmgﬁw‘immﬁﬁmmﬂ%u L‘ﬁ'aﬂmﬂ?iwaw;ﬂasmmm*mﬁmﬁlmﬁaiﬁ pg191guLin
wanafnldnannsatmiii Seusdsanhiugadunn waesiuddleuiundogsiadvend ievlus
lndaiutudunmui Tssnuiidedudsmnmanainnningiludaasifunuingivgnaiun wanadnll
s1ilansuay 80-100 U udveaiAlaniuay 15-20 vin ity Fsgunmniioudu medudldsanviit
doiduetsifazifensdndlu ffeadenvour fuilimumanaiindnuaeviediselidlusanmsuagnulontavhiiu
shespmaddysl :InnsesnuUULAENTIAARs Wuin indostuuiananadin (JuirSosfifldudseneudiduruliinnn
annsnthlldaiuarldlumsusyarvesssguaureiAnmuuaninseldlnglassnmstasAunulussezian
0.68 YistoiiSuazdurvanisasmuatrannnarilavasiofvonedodlddsd

Uaf

L Fildheniuuuiduannsathqmanadnlddnllfiaglasilddesindedndsniou

2 Fawanattunisinuiasysendanasnuliin

3 fanildmielfheusziinenuemaraiily

4.nszuaunskanligeennidiladeazieliinnuuayseld

Jade

1 fanildneliiAnadaldnemanedumdniud fldanduimunsinnsoulsnnninfeeiifuyuiiganin
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[262]



MIUTEPAMMINALUNAUBHNANUNNGIAINTTY
WInNTIUUAZNNTIANITEREMNTTHREESEY ATIN 2 Used1l 2556

ﬂn'lﬁ‘nﬂ'“ﬂ nssuualszinalng

6. inAnssuUsENA
uneuilasuruatiuayuan AnsmalulagenaIvingsy aninetdesignssuas

7. 1ONE1591994

[1]  nsuedvauuaiiy, 2547, alaufiinislunisauadnuinasifussuuilanauvezyadoy nsensg
NENENIBTIUTALAE AW INE Y

[2] WSS WNYSANA, 2551, NALUNIGLaen ﬂﬁ%‘lﬁzjlﬁamaswmaﬁmﬂuﬁﬂﬁu, amﬁu?aLmé’amqmammiuam
PREMNISUUIUTEWAlNY

LY

[3] guen lyeadan, 9133au 258a3na, Wwinsy Juniy, dsunsnn WnUszes, lawa gassaey, asiand nady

=

waztiigyUsent Thave, 2546.1159058UUUSMNTIANSVEE A eluti e dewmaluladnsyaeundnsuys,

3

nsUszamnsinemansuazinaluladuisUszwmealve asan 29, 20-22 anay, uRINEISBvEULAY,
.UDULNY, N 251.

[4] 136 fuszme Asiast iFeswan uae Ssasal uRBsauysal, 2507 madanmindeniesufiRnslasiaies
nAunEsnuLAITing, Useairinisineaimnssugaanuns asadl 13, 20-22 ganeu 2547 o
159usun9nz U Jaringesll.

[5] s Tuniiuns, 2548, NM5IBUAHNLTZUUNAAINTNBLEaRLEB IR ULKAIAIIATTTUIN 5 KW LUY
Foustaudnszuy, mavsvgudfinnnedetiendsnuuvissemdlne adsd 1, 11-13 nquaiau 2548
Tsusmeuunarunes 3 veuflou Sinvans.

[6] g3iaens Wepedni, 2551, LAsugmansimnssy, Ny iaInssules), UNINGTEYTN.

[7] Ssedwnl assausni way JuTuns aeds, 2550. aussourvesgunsalouwnisialagldndsanunaseing, ns
UszguIYIN19iAs e v un a1 URIIUsTINA bne afedl 4 szwinetudl 18 -16 wawntau 2550 Fauda
UATUZA.

[8] S3vitd Massausol way Ja3uns aeds,2551. aussaurvesgunsalouwisislaeldndsanuuaonfing. mMsuseyy
Jnmsieetiendinuuissendlng adedl 4, Jainuasugy.

[9] UANS TAUNTAUNS LAY WAUNS SeIRMUITAIY, 2550. seuudunanisyinauvesssuunanlniimiewad
waseninduuusonsudnszuy, NsUssrrivinisesetnenaanuwiaUsewmelng adsit 3sewinatuil 23-
25 woun1Ay 2550 sk sulunenanie,nganne.

[10] usins Taumitung Unsal auysal A wewla o1denily, 2553, msimugavaaesssuurdangauliih
MNREUAIDITING, MaUssgaininisimAnu adedl 8 nsifaninis devenssdeuindicnisg
41Na 6-8 WeWN1AY 2553 oy 153Uu53a0 Wesiieu Jawin Wedlnl

[11] AR Fseansimsl, 2554miﬁmﬂ'1mmLﬂulﬂié’ﬁuaamﬁamulumswﬁmLﬂ%‘laqﬂ%“ua']mﬂiuwmﬁuq%', SEAU
IngINUS, N InendeAsuASUNSILssUSTAUTING

[12] Usznndad ewunaassamdl, 2555. MsAnwauduAvedlasinsidsunasaliiiiterusunsiundsny
NOINTENANINTUN, S¥AUINe NS W Inendusvsiglaseadnsel

[263]



mMadszgadnnsuaziEueNanunINIFmN Ty
WINNTIUUALNNTTANTTRRAMNTIUREEIEY ATIN 2 UsednT 2556

angasmnysuialszmalng
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Using HYSYS in Finding Optimum Condition for Ethyl Alcohol Distillation in
Chitralada Palace Project

5UNT AWaWug , 35ednA Yyunn, 1lasann Buan, Wugtius waatn
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UNANED

ATeilT g Usrasdivdnegiinisthlusunay HYSYS wildsassmanzilindsnuiosiianlunszuiuns
ndulefiausanesodvedlasinsaudngan ([\manisuan 25 dnsvedalue) FedvenduiFusseiuassi
(neiiveusnifiuvendudnil 18 01a uar veflaesdadunenduiiielilfefaueanssedauuians 95% il
55 anp) uazmheviiefiausanegedliuavstseiu 99.5% lagldnszuaunisgadueluanaridn 91n
wan1svaaoiileldannts NRTL way aunns UNIQUAC lumsdmnudndiuvesefiaweanesediléainnis
ndu wudianlndifesfiudadiuanaanisndusse Tnensdeuingivaaumal 48 sarmwadaiirlufian
16 voaendud 1 sednsinmstiounindu 0.0972 gnuiadiunsdedalus uaziinistleulovesaswauved
lofiausanssednnudiudulszana 45% aumgll 47 ssmiwaieannved 1 ludmed 2 fednsins
fou 67 Alanfusedlus Tnsfinszuruntendudnanifaslindanutiosiian udluduvesnszuaunisude
iiiaweanesedliuigriaundudiu 99.5% wuinsidsugumnd weganudulsivilieuusandanding
voslefiausanesodiuasuuvadly uiwnnldgumagl 85.7 ssmwalduauazanusiu 135.8 Alatiana o
ansadseudamdsnuldinniign el MinransiwImansimzaunUi dndniefiaueanesed
dhorndainanangsan Ineldmanduuaznsiliuiavsmuiiauet arlddelunisdndumsildlunisndn
LeanesedazAninTeureeTiatsanesediozueldifestana 4,700 vmseiu

AEATY : N1INAY; NIAATY; LeTiauaanades 95%; HYSYS; aIuTnsan

Abstract

The ethyl alcohol distillation plant in Chitralada Palace consists of two distillation columns
and an ethyl alcohol purifying unit using molecular sieves. The first distillation column
consists of 18 trays and is used to distill solution obtained from ethyl alcohol fermentation.
The second distillation column consists of 55 trays and is used to distill ethyl alcohol-water
vapor (ethyl alcohol ca. 45%) from the first distillation column to obtain 95% ethyl alcohol
solution, which will be purified to 99.5% purity by the ethyl alcohol purifying unit. These
units can produce ethyl alcohol in quantity of 25 litres per day. The objective of this work is
to find the optimum operating condition for these units by using HYSY'S simulation program.
The NRTL and UNIQUAC equation of states were used in calculation.
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By calculation the energy consumed was minimized when 0.0972 M?%h of solution obtained
from ethyl alcohol fermentation (47 °C) was fed into the 16™ tray of the first distillation
column, and later 67 kg/h of ethyl alcohol-water vapor (48 °C) from the first distillation
column was fed into the second distillation column. It was also found that temperature and
pressure in ethyl alcohol purifying process did not affect ethyl alcohol purity. Nevertheless,
use of 85.7 °C and 135.8 kPa in ethyl alcohol purification (adsorption unit) could save energy
most. It is estimated that when the above-mentioned operating conditions are employed in
full production capacity, the operating cost of ethyl alcohol production will be lower than the
price of the ethyl alcohol obtained around 4,700 baht per day.

Key word : Distillation; Adsorption; 95% Ethyl Alcohol; HYSYS;
Chitralada Palace

1. uni1 (Introduction)

Mmingensaithulutisaikunsamisuivlunanalangstuduegiemnn Wumalhesugiameluuseme
raniias Jailuuamdunmsimunsidniofiousanosed annuandusinamalnens ietsmuaudiuisuuudy
Suagvhlianansnanmatidnthiudv 1l wa. 2528 wasumamdanszidiogi vasdnsgsnvsslilasansdiy
nsresauingan Anwvimaiidosuulssuliduefiawoanesed wasnauduihifuuudy egnlsfnlutiagdu
Tasanmsdumszesdmuinsanlivgaduiunuludmvesnssuaunsmsintaznszurumsnduly Wesnnldnan
Fosiiofiouennesadluliinaion Snisdvaudomdmunasalddelumanangs WWumglildnanouumuma
wsughaldduAinfians fudufideidanualafiesfnvashinnsinssuiumandnuoanesed e sausun
dioagvuuimdlunsuiuusnszuaumandadand vl naadasTluunadiuindy ks sl
nszvIuMsHARanas Taofideidentdlusunsy HYsYS Fadulusunsuiitdfonldaudusgisniians lunissass
nszuaumsTfenuumdlunsuulsinszuauns leliAanansuuumaasygiagean

2. 35998 (Research Methodology)

ﬁﬂwwwwﬁagaﬁugﬂuﬁﬁwL?Jusiaimmu%ﬁa pdniwhnsfaseUszaunuiulsnduefiaweanssedlulasins
audnsam ielilideyananduisssuy Welddeyafifomsfinmasuduud Juhmssassnszuaumslaeld
Tusunsu HYSYS Sudulusunsuiifenlflumsdrassnszuiunmslunssanlugnamnsy

ailslunisidionauns Property Package Mwisngauivenisinasavanisallulusunsy HYSYS 2el435n15v09 Bob
Seader FaodundnnisAuuAnavBIAMENUANIINMEA MLazaaTivesiuana sudannganududives
loialoanagoauazui lunIsdenauN ISy

nssraesmmnsallagiusunsy HYSYS axdmundeulvlinileutunsruiumanangss anduiainsinnesiue
YoUUsAN99 91fiu Awd, gumall sdwiuwmnidunistouasidngrenau aziinadenszuiunisiae s
oe13ls Tnegjaufnusuusiiinadenisyseudandanuiilflunssuiunsndueiaueanesed uagnszuiumsvh
TrusgvdlagTBluanandd sudneu

3. HaN15338 (Results)
3.1 @un15 Property Package fidanlalulusunsy HYSYS
WieldnisfiansanlaegdZnisves Bob Seader dafinanalidnsduunds Tulgaiidenanunsaidenaunis NRTL uaz

Y
a

UNIQUAC 1nlglunisasneuuudnasenssuiunisnisnau waenseuiunsiliusgnslaeisluenaisdn wasiiiale
MIdaeanszuIuNINauefiakeaneged wavnszuiunsiiusgvslaeisluanaisa {Idulanuinviaaunis
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NRTL wae UNIQUAC iuaunismameslulaunindnlinadnslnaifesiunssuiunisase saduisldisansaunisliu
ASI1ABINTEUIUNTH

3.2 myuSudsuardaudslunissiassnszuaunisiaelusunsy HYSYS
Wlosmnnszuaunisndueiiaueanesed Wunszuiunsrediosssneumenendusiuiu 2 vendu fe wendudn
(T100) way Maﬂé"ul,aﬁaLL@ﬁﬂ@ﬁ@ﬁ“LﬁU%ﬁ%éﬁﬂisﬁU 95% (T101) Mniiufudsiigasdnuina 3 dauus Fuvs
Houansitnguendu, gamgivesnsiitoutngrondu uazUiinalethittioudrgrendu) Iwiliuusifutudy
6 MuUslagUsene

3.2.1 myuTusuislouansidrguandu

gnsnslravasndndns (mh)

0.034
0.032 E %ﬁ' ".RE: _____ :
o L e
2 4 o : $
0.03 % < R
o q.f o § 3
; %, & e i NRTL
o o .
0.028 : i nnd
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Photovoltaic Charging Electric Pump for Orchid Industries
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UNAnga

Usznalngliidoimdeingg wu thiu dufiu uasfessaund dmdundanseualiii 3 o Jaqdu 4
Uhina anammne fununislfonu udlumemssiudmmamendugatu Saifemmanunainnisilanuas
Wlsnieseguesmasuianidfeiifumstannihndnuaseninduliusslondludmnisdiorislu
nssaisiuldl nedifnwignamnssundaslsl Tnemsldunsuuin 0.6 M19amT wuARoSTIUIN 12 V 36
AmpiamuAunaT (Timer) uaguawmesaun 72 fadlunistiuthane smuvislugausanes anaided
wuiadesdimhanndinuuasening lunsdiiuumneivssgdinannsaldedmilslfidunaians 2.45
Falusonds

Aadgy(Key word): dulwifn ; wdsauuaseiing; nsesnwuy

Abstract

Thailand has utilized various kinds fuel energies, such as petroleum, bituminous coal and
natural gas to produce electricity for all peoples. Not only the amount of fuel energy
decreases continually but the fuel price has changed in different ways depending on the world
economy and politics. This research focused on the design and construction of a solar energy
implementation for orchid industries. The solar panel condenser consists of one panel 0.6 m?.
The design used 12 volt 72 watt power supply for a DC pump with an analog timer.
According to the research results, it was found that the minimum time that the solar pump
consumed for pumping water was2.45 hours, depending on weather condition.

Key word: Electric Pump; Solar Energy; Design
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2. 35738 (Research Methodology)
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wagvinafudeyalutisnanfifivasenfingdanan 10.00-15.00 u. gamngeannislugeuvmeatslugeu 99 s
waidea laofivfiumiifianogi 589.6 Wesduinnsguuis wasiinnudumaaegd 3.41 Weosidummsguu
wmsguwidlasgeuiliuaeiindfudnme suuudurisise manudeuannsalyd amwdounngeuldiian

MNNUITERNgTsuzulimd i uLaoindanunsadinysslenildvainvais deuamuzgdnviiaul

Mgimuwaresniuuairuasosduiindinuwaseiingdmivenamnssunaielil ieldndenunaunuain
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2.2 Mmssenuutlasiadnauasrdnnsnuresssuusatnde liwdsnunaseniing
Uszinalngeglndidugudgnsisiliiuaunnlaoiody 6-12 Hilusieiu angiidedmsfnvinasuszgndliszuy
Wé’qmuummﬁméﬁ’v%mmﬁuﬁwLﬂumiﬂﬂwﬁnwumdLﬁaﬂuﬂﬁLﬂwmmLﬁaﬁﬁ]wﬁ’gﬂamﬁunuiuﬂWiwazﬂqﬂ
ndelsludinvosussnuay wasnsanldndsnulnd fannd 2

[ wralgaLwaa ]

[ 1599895 ]

iy

[ WUABSS 12V ]

1

[ LN ]

AN 2 L@R9 Diagram Ua3tATesULNNS 1 ULAIDTIng

2.3 MINAAOUANTIOUY

AuEIdenadevauTIautlag 1. neaesiansvualnuazussdulvvesunddsaneadifiouiviaseiing 3 an1e
2. vasosianszudliuazusaful tevumanisldinvosdimilaglddsivan (dfaviuned) 3. naaesin
nszualiuazussiulil omunumsliiestihlnensdilen @adsunes) lnemsialiinamng 15 uni

3. nan15298(Results)

3.1 namsnaaesinnssudlvuazussiulnainnisyinlvanunslsawadidnuunnessiiisuiuansuan 3 ane
nansnaaesinnsualiluazussiulnanlsawwadluannzuaienfing waade unsey wazasy (Lifluas) s2andu
S 12 ads Idnadsmsned 1

15197 1 nan1sveaesinnsekaliiazussiulnannsmslnanurslasaa L Unness Ui UaN1IELAR 3

4Ny
b LARIA uARBoL a3u(laisunn)
nyzua() L39U(V) nszal) L399U(V) nvzia() L399U(V)
1 0.63 11.57 0.27 10.00 0.14 9.25
2 0.56 12.30 0.36 11.12 0.11 9.50
3 0.58 12.07 0.32 9.80 0.15 10.01
4 0.59 11.98 0.31 10.30 0.13 9.58
ﬂ"]LQSEJ 0.59 11.98 0.32 10.31 0.13 9.59

3.2 namsnnaasinnsehalnuaznssnuln weamusunanisitinvesudnlaglidiilnan (LWidausanas) Inensin
Tdamng 15 ndl
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neassiansldnszualiluazusssulnanuunneisnsdldiislan (ldiiad3anes) Feitialadudesavlnan
wummesaldunumundunan 2 $alus daunssudliluazusuliiuarAesqananieanliffinan (ldavse
ined) luanmerneund duthasviawlsiiy 15 uitdedu luanmermeaitiuandadudasinnulihu 3 afue
Sy anmsneassennslindnulnanuuamesslanasngei 2

M19199 2 nansinnseualiuasussnulil luvaenduyhausiewdies nsalldfiavianaes lneviinsianneg 15 widl

asai a1 nszual() wseauln(v)

1 0 6.12 12.30
2 15 6.05 11.50
3 30 5.96 11.30
q 45 578 11.00
5 60 5.42 11.30
6 75 3.03 8.00
7 90 2.30 6.00
8 105 1.98 55

9 120 2.00 2.00

3.3 namsnnassianszudliluazussiuliifonBuanisliwvesduilasfatianeslashnisianng 15 uii
msneassianslénszualiuasussiulnannuunnesansalialianes feduhas lwdsnuanuunnealaiy
nanaws 2:45 dalus dunseudliluazussulvilinsfiazanandesani favsunesluanwerniaund dudhay
vl 15 witdeTu luanmermafiiuaadaduiazvihavldiy 3 adiesy annisvaasssnsinisly
wdnlnnuunmesslenatinsed 3

Vv
a

m1919n3nan1sinnseualnuasussulil luraenduyhausieides nsdifiaUsenes lnevinisinnng 15 unil

asad a1 nszuali (1) wsesrulul (v)
1 0 4.17 13.00
2 15 4.12 13.00
3 30 4.48 12.50
q 45 4.42 12.50
5 60 4.42 12.50
6 75 4.30 12.00
7 90 4.20 11.50
8 105 4.10 10.50
9 120 4.00 11.00
10 135 4.13 11.50
11 150 3.93 11.00
12 165 2.00 7.00
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4. afiusema(Discussion)

desnnszuusatindelinnndsnuuasedindd ueiessunuumneudnmshluiaudauas vieudly
dieliiuszAnsnwlunsvhausnngstu Sefnuduahidoaueuusdil

1. madendeundleasadiuarsiosgidilvomemesiuihidundn mniuddddatiooundsangadilldianss
sdsTaslitenseuiuy uimnilduowesdmhiifmalnnudusfundeaieadifios 40 fad 19esdo
wwauiial tonsldauegnsiusyavam

2. \lesnszuvsathndlinnndinuiasenfingivhiundaedoddssuueiausidnnteidnmasudisg
110 Bewsnnszuusmindelssaludimlunsglildldsruueiawiuterlfiedestnaumudsnagnann

3. 1iesanidildegiivuaueimuniull Sufesiinisfaudaslitivuinivesiidosas ilonseinliletinli
RlPSDR

4. mndeansiundrilildunngesudeunsliuunaes wu wuamed soeus wssdvnalngniuazdulil
Isannninuunmesilder (Wunmesuismnn 12 V. 7AH)

5. @3Uwa (Conclusion)
néneliitedunenldinsugiaiddguesaulne ndelignldlunn 9 wania Jededdgremandainazannvioton

o
[

Tuagiu 1 uaanuazde n1seankuy sruvsatndeliannndsnulaseing falunisiimalulad ndsud
K30 (GreenTechnology) Fauvamdsnunuuaeoiadundundsnulaiudiiuntd sndundnunundnlu
miwmaauﬂmm szuunUAuealaltinelulad nsdauseszuulnih silfnsvinudouay zillusyuuinn

GU‘LJ ﬂﬁu‘Uﬂ'ﬁﬁ]ﬂﬂ’]ii ‘U‘Ui(ﬂu’]ﬂaﬁ‘dlil ‘ZﬂEJVI']IMﬁﬂﬂWﬂ‘ULLiN’m wagnaanulniaslaegnefiuse@nsan LLau‘V]

Re

o o

d1ffey Ssanusananimdeninnissat luadsnunszadeseldmudulduniy ssuusnthngaslian
wasnuuaeiing forluszuusudulunisdanisnisiiunindaeld suddesiudunisesdmdnuuaiendiog
Ussenaldiuistindus ey aanldvie dnaswgia tioiugun nwasnEnNg vaununsng 417l ¥1au

sall

6. inANITUUTZNA
unAnuillasuyuativayuaneusAlulagenaingsy ININeNaesvagnIzuas

7. 1ond15919949(Reference)

[1] auduvi Ineves, 2544.ndeldidiedlve. ngann =1 drdnfiuidiuuagaiu

[2] 8yns $180903, 2501, WEILVAUYIL, NFANW : MATYTIMNTTUIATEININAINYMS ANEIMINTINLaE
walulagnisinens aatumalulagsvusea.

[3] 5uns 2wy, 2554 miammmwﬁﬂaﬂuqaqﬂﬁwﬁuwuuquﬁwéjwﬁumLsaaa%aisﬁmimuamquﬁﬂma%,
JEAUIMENTINUS, uninerdumaluladnszanuinaisuys.

[4] & Yyayrauns, 2548.n15U5ulseUszavanmvedeanead, seauiveniinug, univerdemalulagnszoey
WNANSUYS.
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The development of eco load-bearing concrete hollow block

S

$Ans Aanaute’ , Usnya] yeunilug’, andnid 2edius’

v v 3§

o

o w

1. o a a v P
EJ’]EJﬂ’ﬁﬁ]ﬂﬂ’]i’Jﬂ’)ﬂiiﬂ&lﬁ’mﬁ&mwaiﬂm‘]gmﬂﬂ 356 ﬁ.‘V\!‘Vlﬁiﬂ‘h}"l G].‘Vi’]&Jﬁ]ﬁuL?J RRSBN ﬁ].‘u@ﬁﬂj&l
Email:eng.tithi@email.com

2 a a Y = & A a s
AUV IAINTIUNTIANTOMEMNTTUNOANUEITY AQILIAINTIUAIENS
WINRNALULATTIVUIAANTEUAT 1381 0. UTH151805 WUITNAAIN LWAUITD Ny, 10800

UNANED

Iﬂiﬂﬂ’ﬁ%%ﬂﬂﬂ'ﬂ@ﬂﬂi%ﬁﬂﬁLW’E]‘W]ﬂ’]ﬁWGMU’]‘Uﬁ@ﬂﬁ@Uﬂiﬁlﬁ)ﬂLLi\‘ii‘U‘Ll'Wm ll mmwmu llﬂ’ﬂllﬂllﬂ"ﬁ/]%‘l

a

\swgmanstinansenusiodanndenanasnitreuninudoniily nszuaAfeEuanmsinviTeudieu
anautfvesufonneunindaussiuiiniin fudguszaiu Sgunan Alutiogiu wdwinsinuuiuuss
Snadunauvesdsusraulnduudenaeunindauseuinin fussAvBnmaty :inn1sUiuUssdiunan
Tnedtndunaveshu uaznauwnunslidenslidened fenmsmaseumuminsgiugaamnsa wen.
57/2530 uay 1on.57/2533 mfmams’i%’awudmﬁaﬂﬂauﬂ’%mé’mLLiQﬁﬁwm?ﬁuﬁmmia Suuseda 1o 80-
100 nn. /3. fiaamunuiiu 1,200 nn/aua. Juld & maawmiumsmumm 72 $lus uagA1nng
anduii 7 1,000 1,200 wag 1,400 nn/aua dandunirduamnm n weeddunuuassrozinailuns
roas1ainindgusray Sgnann Sgueny fuiuufonaounindausssuihmdnildannsifediadudn
madenvisfiannsnihluldlunsdiiiugsianuneadsldessdivssansnwdnitadstelunsdaaialy
gnavnssuneaidlnesimsiaunldetraddusely

Abstract

The purpose of this research project is to develop ecologically economic stressed weight
bearing concrete block having better quality; economic worthiness, lesser impact to
environment and cheaper price than general concrete block. The research process started
from comparison study between properties of stressed weight bearing concrete block with
Interlocking brick and block brick in the present time, then studying to improve mixture ratio
of interlocking brick to be stressed weight bearing concrete block, having more effectiveness
by improving the mixture by eliminating mixture of soil and replacing some water with
chemical solution to increase the quality of stressed weight bearing concrete block. The
researcher brought products to test in accordance with industrial standards, TISI 57/2530 and
TISI 57/2533. The research result found that resistant strength to support compressive
strength was 80-100 kg./square meter in density of 1,200 kg/cubic meter or more. Therefore,
this product could be used in carrying out construction business effectively having saving
price, as well as reducing construction period and concrete block was another product helping
promoting Thai construction industry to develop in sustainable period further.

Keywords: Construction industry, eco load-bearing concrete hollow blocks, Quality
improvement.
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1. umi (Introduction)

aunaufUsziiusnindauissemelng (2550) Tdmeanui JagtuanudosnisiiinerdevesUssnaifiutu
lunziirnoadaivnendeiisagdununmsneaisormaieunnngy Tasfinaenoasafindulszamis
wind Fesiuvuddydnmisiealidesutaquasnaililumsneaiendineusnuazadinieluennis nean
ol dlutlgtuduiivaneussinn iy Sguen (Brick) fideidutanildtuaruiiouguiominmaaiese
foufiin ilesnnuannandumieuasiinuudusmeauns ogrslsinmunuinuautfvedguonazannsa
dudnanudeulildun lnefides demainaieuen Samnzuinislénusuernsfidnsldauunlugiam
NaeIY (@nsdy, 2541)muﬂauﬂimuaaﬂ (Hollow concrete block or hollow concrete masonry unit) ﬁ]“mma
Inssvualngnzanasntiou uasdfiuiividnavsiissunusunuiuindosnindosay 75 suaﬁwuwmmmmmvmu
Wity silviAanstemeanuiouldd willituisliEsuhlifesdinisauegiuane (Hudu 9ndegietagiiten
Mluilgtuiinarnasdiulédintanillilumsneassiusas Ussnniuduudusasiifesuuas fodosunnss
fu vlafignddesuundiaulalunsiauauandivesdguientviatulunatsdfvameinunisusul g
AnanTR NMsUSuUTIuuMsHAR viensannansenusedunadenainnnir Tanudslflugnainnssuinagun
Wudunanluniswdaudonaounin wu 25155 (2551)  Anwaaaud@iviesniuiaminssuvesfuuinauans
Tnunadeillsnsenluddonaifindweslaedulumsndndguientszans awihlimuiAidsiufununsednd
wwildufsgunuoignsusiistulunndasamasiunadenlsnsonled dudnmaganduihiuulivanas
\deufiudasdmarsinunadoulonsonlod auseuazany (2550) Aldimuineuninudoniifinuautalunns
oudnundanu Tnshasuniauneiialinge uwamduneuninudenngu Sahiwiindosnineunimudentialy &
Ammshaudeus Wietsanmudeuanmeusniingienns uaziisialndidssiunauniaudoniiild agey
(2555) fildinsiaundgudendszaunaunzaiiiay fivieanuazdeaiu nisdieimanuieuiigeinis
Maroliya (2012) lgvhmsidelassairsnisuanlunisieaiiaiiwesdguionaounin Wusu anamideiieades
'«JzLﬁulé”i’]miﬁmmﬂmauﬁaﬁuaaﬁguﬁan‘[,ﬁﬁ%uLﬂuﬂmﬁﬁﬁwﬁ’aﬂumﬁ%’waaqmamnssudaa%ﬁmisLwﬂi‘ma finns
fandufonhnsfinsaesdusznevlunaeduaugiuly Tidasdunisususdiauantdftu Sfuyuns
wAn HansENURpAundeuLarnaTlumIteaiaianas é’aﬁ?umu%’aﬁ?mgjqLﬁuﬁflmsﬁﬂmLmeq’LumiU%’Uﬂﬁ
vienmeunindaussiuihnn fflanuduamassvgmansinniuinanseudeduindouanas iilelfausn
iUl utagvdnlunsneadsdunsunsimaunuianiifoultluviesnantlagiu 1wy Sgudenusvaiudil
fodrAnlunisndauazudonusgatunaiu Adsfisaiguazdesiidonanlunisaruanudin udu Tne
nszvIuMIWALEAn SuTvesmATeilitunousseluil

2. 95799 (Research Methodology)
ﬁm%umzmumﬁfﬁaLﬁaﬁmmuﬁaﬂﬂauﬂ%mé’mLLiﬂ%fmfmﬁﬂgULmuimifj%L'%'mmmiﬁmumm%ﬂﬁaﬁiﬂumi
AR waYdRsIEILNaL USenABUNSASaussSuTmnlunsHERUSIM 1 auy. TnesiuaziBunveedesiiouas
dunanildlunAdeiiswelud

2.1 \n3esdnsluniswanudennounansaussiutimin fiswielut
1. ipdemandmsunanddiug ns1e 1h wazthenaddliy
2. sodnAsd AL TINaUIES e
3, wuUnde (Usznausiensousavuiuity )
4. \P3EILNNTIUTBILUUTAD
5. LASeedALUNLAYeIBg
6. 13nsadsliiy (e 1nn. wauh 40 ans )
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. N
amgasgmnisuuwinlszindlng \ =

N3 1AIUNEL
1. N9 500 nn.
2. Yutesauaud 350  nn.
3. thelvly 20-22  @ns

2.2 Sumeuluniawan

TunssBnaeunisUun 1 av. tuazdsenoudae e 500 nnwazyu 350 nn. WodusaudrAuldiududa
thenTWayszanm 20-22 Bnslasrinuedosasnln ssogianfinaud 30 uiit deududsafiowlumluuuiivden
15 udrwaesliudeiaiing 3 . uddsennseusenuazdnnluinvedgnuauiaiidoms lnsnailunsdade
WUy 1 vden Ladsuszana 60-90 Junil

NNINARBUNNATFIU VDINEIUADN

nsnageUMsgandutnsi i tududosasvestanui wianudliluthaussesinanddiun Tng
lunisnaaeuazlifeunsuninudenlalsututnuuinduiou $1uw 5 fou uiluhiigaumgl 16-27 ssmiwaidoa
Hunan 24 dalus iflensuimunendeushesnatuani fdlilihssuigesn 1w vinissdwiin udwinh
nsfsniinfouiaegtuds vliuteinennilveulugoussuisoniaifionmnd 110-115 ssausaibea dy
nan 24 Halus Fuandlunind 1

AW 1 kanINIVadaUTeLaYN1IRANEULY

2.3 MIMAFBUNNTTUANILTION
ﬁm%"um'ﬁ‘mmaauﬁﬁaﬁﬂmmé’ﬂLLazmifg]mﬂﬁuﬁwizufu%ﬁﬂmsmaaummmmgm'ﬁ'ﬁ%’ﬂﬁméwLLasmimmaaU
Sanrodehioaounin lu won.109-2517 TnsUsuanhenfivmnsauildvhmsnadlassatusudeiniossauts
WAl usradiune 24 $alus mﬂﬁ?uﬁ'lﬁaaEJ'NIUU;J@%EJmm%uqzumﬁﬁaﬂmawﬂixaamqmﬁnm 72, 168,
336 waz 672 s awdndu fedufiedisil 120 Aeu sl dem (Lot) WeasusignisuNsnaIuds Jui
fMegraninvuin ANUEs wazdaintn udvinismaaeuiidsinuussaiuil Merdomnaeutideiunsdng
wamdlunnil 2 mvﬁuﬂmaauqwmmimmﬂumﬁwwmﬂmmwsuawaaﬂﬂaummuavL‘lJu"L‘UmusuatauaLLuwum
wen. 57-2533 mﬂﬁvﬂaumaﬂmma’mmwu M3AUANAILTL TUIALAZINASIMIIARIAIAE DY Tand unay
Sovarnisgandutiuazanudiusesn sy
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AN 2 LAAINISNAABUNBISULS DN
3.48n15398 (Results)

TunsnaaeutufagiianudAyegnsBwon1 siansunseiuaun nvenandng fe dvsnalunisaanduun
WAz BvVENAYDI018NTUNNTNAsRAMEWNUNIULIER tnenanIsageurIfina 1 linase Ul

v
°

3.1 ANINAAOUNMINANGULT
nAml 3 LLammmé’mﬂ’uﬁ‘swdwmms@mﬂﬁuﬂfﬁumwwmLLu'u flony 672 dalus muainsgu
wAnSustgnannssuneunInudeniuimn uen.57-2530 dldutstunmnmduiiisatuaideiumunsese
Iﬂaizqiﬂ%uqmnww n %u@mmw % az%uazujﬁ’ummwwmLLﬂumaﬂf’fauﬁnaﬂN MNHANITNARBINUINAINY
yuturestouitegegd 1,600 Alansusdegnuiaiiums duasdinanismaaounsatusugainin n fissyaiam
iy 1,680 Alansusdegnuiafmsvidetionndt Inefidnganduilsifiu 240 Alansusiegnuiadians wazaine
nagandutmuindieanarumuiuiuasdsarhlien1sgandu # 1,000 1,200 ua 1,400 Alansusegnuiar
wnssiAuAuniduama i n iy

350.00
= 240 kg/m®( Grade A Quality)
@ 30000
8
% 250.00 t___
= 20000
§_ 150.00 +——
3
Z 10000
=
.
§ 50.00
- 0.00 +
1000 1200 1400 1600
i m672h
Densn)‘ (kg/mA3) ‘ 672 hour

P v o & ' ' a %o oA 1Y)
AN 3 LLammmauwuﬁiszmms@]ﬂﬂaumﬂummwmLLuu‘wmq 672 GU'JIlN
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3.2 BviBwavee g sUNTiTinareA AW uNLLTISR

AN 4 aziuliin Aauduiudszninaiidsinumuusedniuengnisuail 72, 168, 336 waz 672 dalus
AUMUILLY 1,000, 1,200, 1,400 wag 1,600 AlansusiognuiAfiauns mua1iu wudiAmaeiunulssdniiug
Tuiutumuegnsusiifisdulunnanumuiusesiiowisuifisutvnassiundnfasignamnssuaaunio
udenfuthmidn wen.57-2530 (%uv'jmmw n.) fszyinasimdediumuussanusnasgulilidesnin 7 wne
Unada wuiiengnsunil 336 $alus Wamdsunuusadnganinnasismsgundafasionamnssailuaiy
WWUUT 1,000 ﬁiaﬂ%/iJm'EJQﬂUMﬁL@JG}iLLaSﬁmqﬁwgﬂLLﬁi 72 #alueduly uSenaeuninsausssuthntiniany
LY 1,200 Alansusegnuiaiiunsirmainumuusenganinnaeiuinsgiunandueigaainnssy

60.000

50.000 TSI 57-2533 ( Grade A Quality )
£
S 40000
i)
g
E 20000 —— Density 1600 kg/mA3
a Density 1400 kg/m*3
@. 20.000
E —— Density 1200 kg/mA3
8 10.000 Density 1000 kg/mA3

0.000
72 168 336 672
Curing Time (Hour)

AN 4 LERIANUFUNUSTENI MW UN UL SBANUBIENITUN

3.3 massuiisuguandanasa ldTrelundasdag
TunsilSeuilsuguantiuasalddeluuday Tantuausadnfinnsaluvaneiudasielud

M3197 1 WSeuiisuguandlunisneaismeiagesiniuy

UdenAaUNIn )
n o 4 vanUsyalu | . o - .
AMENUR DALIIN dgunauvaly dgueny WU
PRIV
U
o 7.5x10.0x30.0 9.5x15.0x30.0 7.5x20.0x60.0 7.0x3.0x15.0 Y.
(MUIXNINXE)
AUAU UL 1,000 - 1,200 1,000 - 1,100 800 - 950 1,350 - 1,500 AN./H7.94.
ANAISULS DS 80 - 100 80 - 100 a0 - 50 35 NN./05.94.
N5AATN 25 40 45 % laguwiin
ANURANANA i~
s +0.1 +0.1 +0.1 Laifunmsgnu %,
YA
FIUIY Y
o 33.33 22.22 8.33 140 AU/ MI.4.
NDU/NT.U.
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udenABUNIA .
o o o vanusyatu | - . - .
AENUR BAUIN dgunauvaly dgueny Vel
Wy
GRRHGRHAER n7.4./A1/ U
. 20 - 25 30 20 - 25 8-12
lunsre
AUNUNITHAR
ATaRNantls 340 500 500 500 UM / As.Al.
AUSINDHITY 200 40 60 120 UM / A3,
ATAARUNTY - 50 80 120 UM / A5l
ALTIRTUNI - 50 80 120 UM / AT
ATAARNUAINITY - - - - UM / AT
ANLTINNUAINTIS - - - - UM / A3
373 540 640 720 860 U/ asal.
VUBLG): $1ANDFUADNADUNTAALIIUTEINANTT TIAfeuay 10 UW Tuil 1/8/2556 (1 as.u. wiriu 34 fou)
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4. afusena(Discussion)
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LUy 1,680 Alanfusegnuiaiiuns visetesndn ummﬂauuﬂumu 240 AlanudognuiAiians 91NAINTS
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