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Abstract

In this study, torrefaction of rice straw was carried out in a household microwave oven for the
microwave powers and torrefaction times of 300-600 W and 4-12 min., respectively. The properties of
rice straw, including proximate analysis, ultimate analysis, heating value, and grindability, after the
torrefaction were analysed and compared to those before the torrefaction. It was found that the
amounts of moisture and volatile matter (VM) of the torrefied (rice” straw decreased after the
torrefaction. After being torrefied for 12 min., moisture was technically completely removed from rice
straw, whereas VM was partially driven off from rice straw. The:amounts of ash and fixed carbon (FC) in
the torrefied rice straw were found to be relatively constant when comparing to their corresponding
initial values. Increases in microwave power and heating time caused the percentage of carbon (C) of
the torrefied rice straw to increase, but resulted in-decreases in the percentages of hydrogen (H) and
oxygen (0O). After the torrefaction, the heating value of the torrefied rice straw was found to increase.
The grindability of rice straw was enhanced)after being torrefied. The overall results from this study

indicated that torrefaction via microwaveirradiation could actually improve the quality of rice straw.
Key words: Microwave torrefaction; Proximate analysis; Ultimate analysis; Heating value; Grindability

1. Introduction alternative energy from 10 million tonnes of oil

Concerns over the shortage of fossil fuels and
the climate .change, as well as the global warning,
caused by.the' uses of fossil fuels [1-3] have
prompted:researchers to look for alternate sources
of ‘emergy or fuels, particularly such renewable
energy as biomass [4-6].

Thailand is an agricultural-based country and,
as a result, agricultural residues produced from
agricultural activities are available locally [7-8].
Accordingly, Thailand’s Ministry of Energy has set
up a plan to promote the utilisation of several
alternative energy

sources, including biomass

energy, which aims to increase the consumption of

equivalent (Mtoe) in 2014 to 40 Mtoe within 20
years [7]. It is reported that the uses of alternative
energy sources in Thailand, particularly energy
from biomass, have increased continuously and
the share of alternative energy in the total energy
consumption in Thailand is higher than 10% [9-11].

Since Thailand is among the World’s largest
rice producer and exporter [12-13], rice straw, one
of the rice-farm residues, is abundant in Thailand
[12-13]. Like other agricultural residues, rice straw
can potentially be utilised as an energy source in
various ways, such as direct combustion for heat

and power, biochemical conversion for biogas and
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ethanol, and thermo-chemical conversion for
synthesis gas and biochar [12-13].

Problematically, however, untreated biomass,
including rice straw, possess a number of
disadvantages, including high moisture and VM
contents, low heating value, high oxygen (O)
content, and difficulty in erinding into small
particles [14-16]. This makes biomass unable to be
readily used. Therefore, the thermal or combustion
properties of biomass must be improved before
being used as an energy source.

One of the promising techniques that can be
used for upgrading biomass is the torrefaction, a
low-temperature thermal pre-treatment of organic
materials in an inert
temperatures of 200-300 °C [17-18]. Additionally,

microwave heating is found to be an effective

atmosphere at the

heating method for pre-treating biomass, as it
provides a rapid and uniform heating [15, 19].
Nevertheless, there have been only a few studies
on the torrefaction of biomass, particularly rice
straw, using microwave irradiation as a heating
medium.

Thus, it is the principal purpose of the present
study to investigate the torrefaction of rice straw
via microwave irradiation. The effects.of microwave
power and torrefaction time on~the" properties of
the torrefied rice straw are examined. The findings
from this study should be-useful for extending the
applications of themicrowave torrefaction for
enhancing the quality~-of biomass, thus promoting

the use of biomass as a source of energy.

2. Research Methodology

Rice straw used in this study was obtained
from a rice field in the province of Pathumthani.
Proximate analysis, including moisture, ash, volatile
matter (VM), (FO);

analysis, comprising carbon (C), hydrogen (H), and

and fixed carbon ultimate
oxygen (0); and heating value (HV) of raw rice
straw are presented in Table 1.

In each experiment, raw rice straw was cut to
the size of 2-3 cm long and put into a ceramic

container (20 cm diameter and 8 cm high) with the
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mass of 30 ¢. The ceramic container containing rice
straw was then covered by a plate (to prevent air
from entering into the container during the
torrefaction) and placed into a microwave oven
(ME711K Model, Samsung) operated at the
microwave of 300-600 W for the

torrefaction times of 4-12 min. Note that these

powers

ranges of microwave power and torrefaction time
were chosen in order to obtain the treatment
temperatures of 200-300 oC, which is the range of
the thermal treatment via torrefaction.

After the torrefaction, theceramic container
containing the resulting (or torrefied) rice straw was
taken out of the microwave‘oven.

The resulting rice straw was weighed before being
kept into separate sealed plastic bags for further
analyses. It was ‘a@nalysed for proximate analysis,
following "ASTM- E871 for moisture content, ASTM
E1755 for.ash content, ASTM E872 for VM content,
and. ' ASTM D3172 for FC content; for ultimate
analysis, following ASTM D3176, using an elemental
(CHON) analyser (628 Series, LECO); and for heating
value, following ASTM D5865, using an isoperibol
bomb calorimeter (C6000 Model, IKA).

The grindability of the raw and torrefied rice
straw was also examined. Cut rice straw (either raw
or torrefied) was put into a cylindrical, stainless-
steel ball mill (10 cm in diameter and 12 cm high),
containing 10 spherical, ceramic ball (each ball has
a diameter of 3.5 cm). The ball mill was placed on
the rotating bars rotated at 60 rpm for 3 h. After
being ground, the resulting ground rice straw (once
again, either raw or torrefied), was sieved through
screen plates, with the screening sizes of 0.027,
0.717, 1.11, and 1.40 mm, using a shaker. Mass of
the ground rice straw on each screen plate was

weighed and recorded.

3. Results
Proximate analysis, ultimate analysis, and heating

value of raw rice straw were summarised in Table 1.
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Table 1 Proximate analysis, ultimate analysis, and

heating value of raw rice straw used in this study

Proximate analysis, air-dried basis (wt.%)
Moisture Ash VM FC
5.4 16.1 62.4 16.1
Ultimate analysis, dried and ash-free basis (wt.%)
Carbon (Q) Hydrogen (H) Oxygen (0)

50.84 6.22 42.94
Heating value, air-dried basis
16.16
(MJ/kg)

The solid yield of the torrefied rice straw,
which was the ratio between mass of the torrefied
rice straw and that of the raw rice straw, was
displayed in Figure 1.

It was evident that as the microwave power
and torrefaction time increased, the solid yield
decreased. The solid yields ranged from 77.8-86.1%.

100

100

80
60
40
20

0

Raw 300 W-4 min 300 W-12 min 600 W-4 min 600 W-12 min

Figure 1 Solid yield of the torrefied rice straw treated
at the microwave powers of .300-600 W for 4-12

min., comparing to that of-the‘raw rice straw

Solid yield (wt.%)

The remaining amounts of moisture, ash, VM,
and FC, collectively called proximate analysis, of
the torrefied’rice straw, relative to their corresponding

initial valueswere shown in Figures 2-5, respectively.
6

5.4

5

IS

Moisture (wt.%)
w

N
=
3
=

[N

0.55

. 0.23 0.11
0

Raw 300 W-4 min 300 W-12 min 600 W-4 min 600 W-12 min

Figure 2 Remaining amount of moisture of the torrefied

rice straw treated at the microwave powers of
300-600 W for 4-12 min., comparing

to that of the raw rice straw
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Raw 300 W-4 min 300 W-12 min 600 W-4 min 600 W-12 min

Figure 3 Remaining amount of ash of the torrefied

sh (\

o N A~ o

rice straw treated at the microwave powers of
300-600 W for 4-12 min, comparing to
that of the raw rice straw

It was found, from Figure.2, that moisture was
reduced substantially after the torrefaction. The
remaining amounts of-moisture of the torrefied rice
straw were within the range of 0.11-1.71%, comparing
the initial amount of 5.4%.

70

62.4

-3
<3

55.21

50.42
47.16
I I 42.61
0 l

Raw 300 W-4 min 300 W-12 min 600 W-4 min 600 W-12 min

Figure 4 Remaining amount of volatile matter (VM)
of the torrefied rice straw treated at the

Volatile matter (wt.%).
w B a1
o o o

n
=]

i
o

microwave powers of 300-600 W
for 4-12 min., comparing to

that of the raw rice straw

N
=3

N
@

17.13
16.1 16.53 16.34 16.45

1

Raw 300 W-4 min 300 W-12 min 600 W-4 min 600 W-12 min

Figure 5 Remaining amount of fixed carbon (FC)

PR R e
o N R o

Fixed carbon (wt.%)

o N B o ®

of the torrefied rice straw treated at the
microwave powers of 300-600 W
for 4-12 min., comparing to
that of the raw rice straw

The remaining amounts of ash and FC of the
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torrefied rice straw, illustrated in Figures 3 and 5,
respectively, were found to be negligibly affected
and

by the changes in microwave power

torrefaction time. The remaining ash and FC
contents were relatively constant, comparing to
their corresponding initial values.

The amount of VM remained in the torrefied
rice straw decreased with increases in microwave
power and torrefaction time. The remaining VM
content was in the range of 42.61-55.21%, comparing
to the initial value of 62.4%.

The percentages of carbon (C), hydrogen (H),
and oxygen (0O), collectively called ultimate
analysis, of the torrefied rice straw were depicted

in Figures 6.

Amount (wt.%)

Raw 300 W-4 min 300 W-12 min 600 W-4 min 600 W-12 min
BC (%) OH (%) 00 (%)

Figure 6 Percentages of carbon (C), hydrogen(H), and
oxygen (O) of the torrefied rice straw-treated at
the microwave powers of 300-600 W for
4-12 min., comparing to that

of the raw rice straw

The percentage ‘of C was found to increase
from the initial value of 50.84% to 51.07-52.96%
after the “torrefaction. Increases in microwave
power and-torrefaction time caused the percentage
of Cto increase.

On the contrary, the percentages of H and O
were decreased from the initial values of 6.22%
and 42.94%, respectively, to 5.87-6.16% and 41.17-
42.77%, respectively. Increases in microwave and
torrefaction time resulted in decreases in the
percentages of H and O.

The heating value of the torrefied rice straw was
increased with the microwave power and torrefaction

time, as displayed in Figure 7. The heating value of
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the torrefied rice straw increased from the initial
value of 16.16 MJ/kg to 16.34-16.96 MJ/kg.

18

16.96

16.67
16.51
16.34
16.16 I I
14
Ra

W 300 W-4 min 300 W-12 min 600 W-4 min 600 W-12 min

Heating value (MJ/kg)
= [
= S

=
@

Figure 7 Heating value (HV) of the torrefied rice-straw
treated at the microwave powers of 300-600 W
for 4-12 min., comparingto that

of the raw rice-straw

The grindability -of the torrefied rice straw,
illustrated by the @ccumulative size passing curve
after being ground_ in"the ball mill for 3 h in Figure
8, was foundto be improved (ie. easier to be
ground to.smaller sizes) when comparing to that of
the.raw.rice straw.

The size of the raw rice straw at 90%
accumulative passing was approximately 1.23 mm,
which indicated that 90% of the total mass of the

raw rice straw had the size smaller than 1.23 mm.

100 5 = <
90 ' ,’4 e
g @ AT .
) . .
o [ 2
£ 60 C =
2 B / p -@-Raw
S 50 Ay o -4 300 W-4 min
2 0 «al —&-300 W-12 min
T . =0~ 600 W-4 min
g 30 (& ——600 W-12 min
3 20
10
om
0.0 0.2 0.4 0.6 0.8 1.0 12 1.4
Size (mm)

Figure 8 Cumulative passing curves of the torrefied
rice straw treated at the microwave powers of
300-600 W for 4-12 min., comparing to

that of the raw rice straw

The sizes of the torrefied rice straw at 90%
treated at the microwave powers of 300 W for 4
and 12 min. were found to be approximately 0.96
and 0.93 mm, while the sizes of those at 90%

treated at the microwave powers of 600 W for 4
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and 12 min. were roughly 0.83 and 0.72 mm.

4. Discussion

From the proximate analysis of the torrefied
rice straw, it revealed that moisture and VM were
removed from rice straw after the torrefaction.
Moisture was significantly removed from the raw
evident that

moisture was essentially completely driven off

rice straw. Additionally, it was
from the raw rice straw after being torrefied for 12
min. Volatile matter (VM) was partially removed
from the raw rice straw.

The amounts of ash and FC of the torrefied
rice straw were about that same as those of the
raw rice straw, indicating that ash and FC were still
retained in rice straw.

It is known that moisture and VM can be
driven off from biomass (rice straw is one kind of
biomass) at the temperatures of nearly 100 “C and
low than 200-250 °C [16, 20], respectively, with the
torrefaction temperatures, which were in the range
of 200-300 °C [17-18], it was reasonable that moisture
could nearly completely be removed from -fice
straw and that VM was partially driven off from the
raw rice straw.

To remove FC from biomass, it requires the
temperatures higher than 300-500 °C-[20-21]. Thus,
it was justified that FC was_still retained in the
torrefied rice straw.

Additionally, ash™is the inorganic component
of biomass (or any selid fuels), it stays intact in
biomass (or. solid fuels) after any thermal
treatment [17]. Hence, it was logical that the
amount (of ash in the torrefied rice straw were
essentially constant, comparing to that of the raw
rice straw.

When comparing the solid vyield of the
torrefied rice straw with the summation of the
amounts of moisture, VM, ash, and FC of the same
torrefied rice straw, it was found that these two
about the with  the

discrepancies of only 0.4-3.1%. This was, once

numbers  were Same,

again, reasonable, as the solid yield indicated the

remaining amount of rice straw after the
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torrefaction. As discussed earlier, moisture was
technically completely removed from rice straw
along with a partial amount of VM, whereas ash
and FC were still remained in the torrefied rice
straw. Accordingly, the total mass of torrefied rice
straw comprised a partial amount of VM that was
retained in the torrefied rice straw plus the
amounts of ash and FC. When dividing this total
mass of the torrefied rice straw, it yielded the.solid
yield, or the portion that was still retained.in the
torrefied rice straw.

For the ultimate analysis of the. torrefied rice
straw, since VM contains more-H.and O than C [18],
the removal of VM caused the percentages of H
and O in the torrefied ‘rice straw to decrease.
However, as discussed-previously, the torrefaction
had a negligible.effect on the remaining amount of
FC of the torrefied rice straw. Since C was the main
component of FC [17], this meant that the amount
of .C

constant. As the amounts of H and O were

in the torrefied rice straw were rather

decreased, while the amount of C remained
relatively constant, the relative amount or the
percentage of C in the torrefied sample was found
to increase, when comparing to the amounts of H
and O, thus resulting in decreases in the percentages
of H and O.

The result of the ultimate analysis obtained in
this work indicated that O in

biomass) could be lowered after the torrefaction,

rice straw (ie.

which was in good agreement with that reported in
the previous studies [6, 14-16, 18-21].

The heating value (HV) of the torrefied rice
straw was found to increase from 16.16 MJ/keg to
16.34-16.96 MJ/kg or increase by approximately 1-
5% after the torrefaction.

As discussed recently, the percentage of C in
the torrefied rice straw was increased, whereas the
percentage of O was decreased, after the torrefaction. It
has been known that C plays an exothermic role
(i.e. releases energy during combustion) as a fuel is
burned, whereas O plays an endothermic role (i.e.
consumes energy) [18]. Hence, an increase in the

percentage of C and a decrease in the percentage



DBWEIS

THE FEDERATION OF THAI INDUSTRIES
WATER AND ENVIRONMENT INSTITUTE FOR SUSTAINABILITY

Lo

SIME

of O led to an increase in the HV of the torrefied
rice straw.

It has been reported that the torrefaction
results in the breakdown of the cell structure of
biomass, which includes the removal of the fibrous
exterior of the cell. This makes biomass less
fibrous, smooth, and, as a result, brittle [17].

Accordingly, after the torrefaction, rice straw
was easier to be ground into smaller sizes. In other
words, the grindability of the torrefied rice straw
was enhanced, which represented by the fact that
the size of the torrefied rice straw after being
ground for a certain period of time became
smaller, as shown in Figure 8.

Since it is necessary that biomass be ground
into small sizes for such further uses as mixing with
coal, conveying through pipes in a pneumatic
conveying system, and pelletising or briquetting, an
enhancement in the grindability makes biomass
(e.g., rice straw) more attractive and usable, as

reported in the previous studies [22-23]

5. Conclusions

The results obtained in this study revealed
that the torrefaction could actually emhance the
quality of rice straw. Moisture of the torrefied rice
straw was greatly reduced. Volatile matter (VM)
was partially removed from rice straw, whereas FC
was still retained in the torrefied rice straw, thus
resulting in an increasetin the percentage of carbon
(Q) and decreases 'in the percentages of hydrogen
(H) and oxygen-(0). The heating value of the
the

torrefaction;, the g¢rindability of rice straw was

torrefied rice straw was increased. After
improved such that it was easier to be ground into
smaller sizes, which made it more attractive and

usable.
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Used of Rice Husk Ash, Brown Glass Cullet, and Angthong Clay

for Producing Low Sintering Temperature Wall Tile.
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woninimwuidvidumwedefianmnsnnliusslond ietvangumgflunsanfidudnuidutan
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Abstract

This research aims to utilize rice husk ash, wastes from biomass power plant using rice husk as alternative
fuel. It should be exploited to be the alternative materials for producing wall tiles and adding its value. In
addition, brown glass cullet is a waste can be used. It can be an alternative material and reduce firing
temperature:. The community industry producing tiles in Angthong province can be implemented the
mixtures-of rice hush ash, brown glass cullet and Angthong clay for wall tiles. Low sintering temperature
and unglazed wall tiles are the developed products of this study. After fired at 950 °C, all specimens have
been tested physical properties consisting of bending strength, weight loss, shrinkage, water absorption
and density bending strength and water absorption are compared with industrial standard TIS 2508-2555. It
can be concluded that this research can propose blackgrey wall tiles which are the new altemative and

environmentally friendly product.
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WNAU 20% LABLAIEYY 60% WarAUBINYIDs-20% i
AAILFUIUNSn 1845  MPa - ATNT3gRdiniy
17.70% F1usNASEIL 18N, 2508-2555 Tnugnsiuuzii
Tunsilundnfoans BS LWﬁﬂszJuqmﬁﬁmmm
Fumuusadauniian fdansepdutesiian

1. Anunuisetawlsindy fu ﬂ'wmi@m%u‘ﬁﬂ
NAATIFUNILENERgS AN13gATTm

2. msRudnandunau YIsann1snnfives
Funu uiavinlauudusanas LLazmmsam%uﬁw
\fisaanTy

3. psiiuUSinauAsLiaEe uaziuenmes 9zv
S[,ﬁmmu%umqa%u LLasmmifﬂm%mﬁwﬁw

4. ANANUAULIINALUUTHUAINUS LUV AT
Frevasslutuay

5. nsfidunauainndt  30% dswalianan
Funssanduaug LLamﬂugmmiwaaqﬁ C17, C18
way D22
6. AnAnITUUTEAA

VBYOUAMNIATYITAINTIUNITNGR ALY
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nsanUsunanisuassineidaunszandaemaluladnisudndiazann
nsalfine 1seunanaInnsniausuusenu
Greenhouse Gas Reduction by Cleaner Technology
Case Study at Ready to Eat Factory
359 uasla, Usyel usynileg wazalgaswa Svdswsya
#913Y1 AN TIINSIANsRE NS sALHa AL By
AuIAINTIUANENS AnnInenasmalulagsnvuInanszuas
1381 auuUszYTIEN3 1 UUI9AEI19 LAV NTINNLLAS

siritsan09@gmail.com

UNANED

nsAnuififnguszasdiiledseiliuuinanisannisuaesfneideunssanneniiondniueiveeefng
nsdi@nwilsanundnevandeuulssmunnnsiimalulaBmandndiageamnuszgndlilunisanyIun
nsUdesfaideunsrananunastsusluveuait 1 (Msléidam@niniduninsne) wasreuwnd 2
(M9l waseuludn) wud Tud w.e 2560 dUsuaunisUassfiigiSounszantyindu 1.44 du
ansueulneanlediiumindefundndng anawind w.a.2559 Afivsinaunisuasefeisounszanminfiu
1.73 fuanfueulaeenlediieuvindedunindoe wisandudesasiianasiniu 16.8 wazdlowSoudiou
fuvnamsddesfmiFounszanaind wa. 2558 @g1w) AivSinansudesieounszanivindy 1.59
fupnsuaulaesnlefiisuyindesundnsag wioandutevasiianasviniu 9.4 fafu 91nnanisaned
wandliiiuin weluladnsudnfiazonduiesosdiofimunyanlunsihuldifioanysinunisuaesfedou
NILINTVOIDIANT

AdAgY : m%vauvﬂmwéuﬁmaamﬁm SAmideunsan ; weluladnsudniiazenn

Abstract

This study aims to.assess greenhouse gas reduction by product in case of Ready to Eat factory.
Cleaner Technology was applied for greenhouse gas reduction in scope 1 (Fuel Oil Bunker A) and
scope 2 (Electric power). Greenhouse gas emission shows a positive prospect with downward trend
from 1.73 tCO,e/unit in year 2016 to 1.44 tCO,e/unit in year 2017 (16.8%). In addition, it is lesser
than/greenhouse gas emitted in year 2015 (1.59 tCO,e/unit or 9.4%). These Results reveal that
cleaner technology is suitable tool for greenhouse gas reduction in factory.

Key word : Carbon Footprint for Organization ; Greenhouse Gas ; Cleaner Technology
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1. umi1 (Introduction)
anumsalmsUassfedounszanveslan g
Juothwlaidles  Sauvmunannisléidomameadaly
YU iRgnamnssy  Tunsiauasugiavesssme
Mdmiaw  Faduduseddyiineliinnisdauves
Ysunaufwiseunsean  laud  fwansusulaeenled
(CO, Meiimu (CH,) Mwlunsaenlan (N,O) Aw
lalasvigeslsmiven (HFC) Muweivgeslsmsuey
(PFQ)  uazfedailadfionaerigonlsd  (SF)  Tudu
Ussenne  vihbiusIngnsalingiseunsEanuazAIy
\dearionsivAsundasanmgiionia  unliuguuss
sniluygnafiniavedlan enfi guungiindefifiuuliy
Mgty dealiAndusssuni Wy gvndy Souds
LLaSQWWﬁEﬁ'EULLiJﬂaBﬂ%ﬁ%u Judu aann1ssieau
YBIARIENTIIBNTIENINNTUIR IshensiUABuLYas
annglionma  lassyliginaeleny Tuesnidudls
Hugiineiifinnauuszuigseranssny  99nms
Lﬂ?{ammaaamwgﬁmmﬂ dnsuusenalnglasunis
Jndduanesdns Germanwatch ifuuszimemils
Tuduusena ﬁﬁmmL?‘imqwﬁaﬂmﬂ?{ammammw
piiomelusvesenn Useinalnedudszmaidaimn
fifamnslindsnunnifomdsioada waeiinsudes
fedounsvaniiiutuieiudufeusuniouaunion
lumsiaSuasn@linAnuausamunsUTus,
anfinwsounszan

waTMN3
Hieuthgnsianniudesfiaeu
nsvans fgfidumuuaganuananzelunnsiiuiaan
Naﬂ'izﬂ/]‘uﬁLﬁﬂ%ﬂﬁ]’]ﬂﬂ?ﬂﬂ?ﬂlEJuLLUﬁﬁﬁﬂﬁWQﬁE]”ImﬂIﬂEJ
Tl .. 2558 watenUsegns Junslewn wieniguun3
Ionandesuoasgady Tunasiidusy udlvdgwinig
Wasuwasanmglionmaenuszyn  3gnideudnyan
avUszanmnAdngenasivasunasanmgiienna ade
7l 21 2 i assusgiaee Jauanaandiudy
nsaniBssunsganilasesas 20-25 aelu U we.
2573 Tngtiwmdnufvgassgianeiiiosnld wiours
annsldnaenunweada (1] ndeyasienuain
favithseaesdatufl 2 vessemdlng Minauese
DUy IENUTEN VIR ehenUAsuwaEn
giloma ludeusunay we.2559 wullul we.
2556  Usznelng  fUSuunsUaseiiseunssan
qvis 232,560.33 GgCOeq (usiuansueulneenlen
Wieuwin)  Ieelidadiunsddesiesounsyan a0

AanssulunmAndeny  74.35% naneas  15.98%
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AANTTUIUNTTYAFIUNITY 5.96% lLazn1Avaudey

3.71% [2]

ASuBUNAWILYIwBtEIAnT (Carbon Footprint
Oreanization) AeUSinafudeunszandivdes
DONUIINAINTINGNNY VOIDIANT 1TU NTLelvgives
Fowmds sl nsdanmisveadis wagnisvuds
Tavenunlugudiuasveulpeenlediieuin - fagan
910 3 dundnded ; veulwadl 1 nsRuaAISUsY
WWW§uﬁw1qmsn (Direct Emissions) 2MNAANIINAIE
vesearnslensy Wy nswilndvenaiesng nisld
WMUzUeterns  (Tesdnadudweney)  nssdw/
$ilva nnseuaumsvdenansse L dudy veuwad 2
nsFamASUaUINELYISEeL  1nnslinda

for

(Energy Indirect Emissions) nsgonganuuldly
09kn WU sl ndumafeu ndwuleth
uazveuadl 3. (Asrumenueurlamuyiedon
fdug i msiunswemidnaudenmueilily
v0303dnT . IneUszlovdvaanmmhaniuourlmiurives
B9ANTHUNIATINAaINTaUsEuUSINf S ouNsEan
Mdosoonu19INAINTTNYEIBIANT  SIUUNENVHYDS
mMsUaesfudeunsvandifidedfy waswummaiie
anTuIATeIASUBLNANILY  FeUTinafnedounsyan
flanas o1thlunediunfvewnsin viievinisvay
asuauiuasinsdus [3]

DIANINTUANILSINUNARDIMITNS NS UUSENUY
pszvind Matavhesueunnsuivesesing  oeng
soifloaiu JuagnnsiiddalunisuansUSinafiedeu
nsvaniidesannnissluienssuveaenns e ss
uaznaden lehdeyaildinfmuaitnisuuimans
WmsdnnisannsUaesinedeunsyanvesesdns dale
muualy USunanisuaseineiSeunsean  duaisusu
Iaeenlanfisuwinnemienaniug  (TonCO,e/unit)
DusrTidagudaandey  Tnshamuussiiunaodig
soifles  waranndeyamsvsnduativeunsmausives
29ANIIUY WA, 2559 wuin AUsuunsuaesineiseu
N3LANNAU 6,345 TonCO,e (1.73 TonCO,e/unit)
ity 8.8% 210 e 2558 (Dg1u) TAUSIIMS
Uaneiwisaunszaniiinu 6,064.61 TonCOe (1.59
TonCO,e/unit) [4] Auanslumisng 1
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f15197 1 USuaunisuaeeineseunsyan U w.e. 2558-2559

- Yiunafusou N YSinuiiudeu
YumufedEou Yiunaufing
nizandenig nszandevioy | dadu
nszan . \Founszan .
uwiasUdesfneiseunszan WARAMN* HARfouT Y2559
(TonCO,e) (TonCO,e)
(TonCO,e/unit) (TonCO,e/unit)
92558 (Ygmu) |U.2558 (Ugw T 2559 U 2559 (%)
wauaf 1: maUdesiwidounszanmanse
1 [LPG station 19.77 0.005 16.43 0.004 1
2 [thifuan (Bunker A) 2,369.19 0.621 2,829.95 0.773 96
3 |Fire pump (@) 1.18 0.000 0.54 0.000 0
4 [sopwd 1 fu (Riwa) 10.64 0.003 113 0.003 0
5 |Car Allowance (tuw@w) 53 0.001 7.24 0.002 0
11{Car Allowance Fwa) | laifimsld 0.000 0.47 0.000 0
12|Car Allowance (LPG) 0.05 0.000 laifimsld 0.000 0
6 |udes cH, verhide 0 0.000 0 0.000 0
7 @i (R 410) 25.4 0.007 29.73 0.008 1
8 |asvimdu (R 134A) 0.01 0.000 0.01 0.000 0
9 @iy (R 404A) 0.08 0.000 0.08 0.000 0
10{Udon CH, Fonhaurn|  14.87 0.004 37.48 0.010 1
13 [asuinds Co, 0.41 0.000 laifimsld 0.000 0
e 2,459.84 0.644 2,933.23 0.801 100
wauwafl 2 : MsUsssfinwFaunszanmedauainmsldndesu
1 |m5ldludh 3,499.35 0.917 3,412.08 0.932 100
SoustavNn 3,499.35 0.917 3,412.08 0.932 100
*wnnewn : USinauwdandoul (FG) U 2558 = 3,818 Ton/year , U 2559 = 3,661 Ton/year

NAN5T 1 wansliiiudn Usinainsuasefie
Bounszaniiiiatulul we. 2559 inanudsUdes
fedounsvaniiidediey veulwn 1 e ndslilgoumnas
mihtuainsae (96% vesveuwn 1) lazvouin
2 fonsldlui (100% vewwoulws 2) FauwiRnns
uwidymaanndouuulnildsumseensuin annse
uitymAundeuiiduvmlsosaiussavsnm Aoms
THeluladnisndndidgera (Cleaner Technology) 7
Feaandenuluih | dasuidymdwandeuls (5]
weluladnsndefiazenn  deusududenisinnis
Jaymdwandey  nSeufunsamnsyuInnsHand
whumsanuaRuiiwasiuda  wunisldmsneinsegis
AueuazinUszlevigaan
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dowluluduiamaiidlusuasvgmans s
fianngramns  uavduandeudidsiu (6]
msfnwdl  FehuwsmanelulaBmandniiazeinin
Useynald ileanUinansUdosfiieunszanain
wiaswdesfitiddny  uielviussamusuitindy
danndouvesesdnsuaziimnemsiannfidsduin 13
ms%’uﬁamim?{ammaaamwgﬁmmﬂ (7]

2. 75798 (Research Methodology)

21 nsnsideyaUsuiunisuassiingisou
nszant w.e. 2559 Wieul w.A, 2558 (Ugu)

Adunsiiesgideyauinnunisudesingsou

nszant we. 2559 (eyadldduia drunsiau-
SunAw w.e. 2559) WisuieuiuUsunanisudesine
Bounszand w.a, 2558 @gm) ileUszifiuvouian
uwidsnsUdosfimaszan Mimaluladnisnaniiazenn
wldanyUsaaninnsUaseingsounsyanlul w.e. 2560

2.2 msiusuuteyaielddniuaumalulad
nskandiszannwazUsafiuviunamsusesfingdou
AszanU W.A. 2560
Lﬁummau%aaﬂaﬁugm ATTUIUNTHER WAL
AUNAINITUADUAYLIDUNTLANVBIDIANT LYY
nAu nNeINg LaziioInas v8s0eAnsnsalAnY)
U 12 heu Tugiddeuunsiau-sunal U w.a.
2560 Wit deyaiildsuiumanutuneuiiseylundn
UftRmaluladnisudniiazenn (nMsifinuszdnsam
nsudauardesiuuaiiy) gnamnssueimsniey
Fuusenu nsulssuenaIvngsy [8] wagyinisimug
YOULINLNAIN1TUGRYAILIaUNTEAN ADVBULIN 1
wrasn1sUaeuiwsaunsEanN19m e (Direct Emission)
UAZBULUA 2 WIaIn1sUaesnIgisounszannIeesu
(Indirect Emission) lag@1989n1sAmulainIsUsELiu
ANSUBUNANILITDI0IFNT AULUINNIBIANTTUIANS
IANsieTaunsEan (8IANISUMITY) [9]

k)
e

2.3 anfiuaunudunsuwalulagnisnaniazenn
JuaauUNITAEUIIUAlLlagn1sHanNdLen
Usenaunie 5 Tumau natl
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Funeud 1 : MsNwRULaTNSIaRainnudumalulad
nsuantiazenn

- dnmednnusumelulaBniswaniiareiniusesaniuims
- davihuleuiy Faguszasd uwasidhmneiumelulagnis
HAmTiaven

- Maununsaslsaduiumalulanisnaniiazoin

7

suneud 2 : msnsaUstdiudosdu

- i’]’mﬁwﬁqﬂszmumsmammeiﬁﬂiw%aﬂmﬁmﬁu
- udrsantau

~ fmuaUsiduiivhauls

\Z

Funaudl 3 : msasaUszdiulasasden

- ivfeyadalsum

- davheunauIa

- iauemadenwaluladnisudndiazein (CT Option)

- antuiinmadenuaz SesasumiudAyesusagniaden

Vv

Funeud 4 : msUszfiusazAnenanudululd

- msUsziudosdu

- msUsziiuanuduldldmanaia

- myUszfiuanudululdmaasugamans

- msUsediuanudululdvnsdanndon

- Fonymadenmaluladnsudniiazenn (CT Option)

LANNEE
v

fumaudl 5 : malulduasuiuuesedaiiiag

- douTEuuN U ORI

- thymadenmeluladnsuaniiazenn (CT Option)
Algsunsdndenlufoald

- ATIVABULALAAMIUNANITANTUNNS

- U$ulsauagsiufanssusumeluladnisndniiazenn
otssteiiles

2.4 Augudsinunisudesineizaunszan
Urdegaildutsveuiuaunaanisudosfimiou

nsganuiMsAmwINUSIIuNsUaRELaggANaUANY

Sounsranvededdns faandluaunisi 1

YSuufineiTeunsean =
dayananssu X Amsudesnsenanaufineisounszan

(1)

20

2.5 wWisudisuUsunanisuasefingisounszan e
WinewAndael wdannsih CT Option fidadaniy
UualdlussAnsnsaifnen

Afiun1sUSsusuUIUaInITUaneinelTou
n3zand w.A. 2560 (ndsth CT Option #ignidenty
UU0%) Audsununisuasefiigiseunssanludae.
2559 wazd w.e. 2558 (Ugu) LileUseiiiulseaving
N15aAUSUIUNITUADEAITITIUNTZANVDIBIANT 1A
msnaluladniswandiazerauatssynaldiiiels
U538 IMNNeU0909ANINTNAN

3. Wan15398 (Results)

31 HansiATIsndoyaUsununisUdesfineiieu
NYANAONUILHARHTU W.A. 2559 WIsuifiaul w.e.
2558 (Yg) Wagn1siansuninnaluladniswdnd
azoTautanUsuiunisudesfneidaunszani
wadiiinvewoulnd 1, 2 fedl

‘ Usununisudeefingiounszanfeniisnanaue
(TonCO,e/unit)
2 +0.17 (+10.9%)
1.5 cT! ¢
o 173
‘ 1.56
L 4016 (+25%) +0,01$/o)
. 0.93
0.5 0.8 e
0.64
0
wauail 1 vauLAT 2 Total
1 2558 U3 T 2559 GHGs (TonCO.e/unit) | 2558 | 2559
1CT= Cleaner Technology 'uauwnﬁ 1 total | 0.64 [ 0.8
[ ouput o) | 2ssn | 2550 e R
vouwnil 2 (Wildn) 092 | 093
Total (Ton/year) 3,818 3,661 Total 156 173

A599 1 YSununsuaseingiseunssanmnemiianansium
U .. 2558-2559

i 1 wandlidiuin Ysinansddesing
Bounszansentlondnsuailud w.a. 2559 iy
Q9TU+0.17 TonCOe/unit wiofmifu 10.9% oyl
WA, 2558 (N1SUADEAUISDUNTEINABNUILHNANS B
MnuaUn 1 LTy 25% wazvouwn 2 Wuty 1%)
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3.2 maiusiunudeyaieldandunumnalulagnig

A15199 3 ARGEYRINTSHANUAL TngRUVDIDIANINTAANK

nAnTiarenuarUssifiuuiinanisuaesfineiieunsean g Wl bt it
. e - v (Au @nuan (Aladnd @ns
3.2.1 Qﬁﬂﬂiﬂimﬂﬂ‘tﬁﬂidd’mﬁjaGlEJ'Wl’]iWiEJJJ dou | ey s . v
Fudsemu dnmsldingaunan laun ey wileld uds wEasos) | dewie | dewhe | wAesws)
BN wazdnn Imﬁﬂ%mmmﬂ%@qﬁuﬁwm WiAu wandousl) | wéinsius)
5,150 fiu/d) waviiuSuaumansaeivanan 5,007 §u/dl ua. 103 1937 | 2166.75 | 24631
annsruaun1sramiletiluduinmSesazaes A Lol 1813 1,760.24 | 22626
n o ey e awmy J ila. 1.02 19.67 193177 | 22433
nanAugNlaazinlle %vYield wdvUszanm 97.22%
P} . 5 , . . 1.04 18.55 1,839.48 | 20153
GUiLLam:angaIUMﬁNVl Zimamjymm %Yield Al - Lod 205 100353 | (n%3
ifﬂmﬂﬁ’lm'iﬂsuamémﬁmszﬁﬁiaﬁmﬁfﬂi’mqﬁum% #14 e Loa 20.99 1.845.46 | - 19561
dunsnelull n.a. 1.03 19.03 1,873:83. | 1 187.79
an. 1.04 21.06 1,831.47 | 20035
Grednnomdadas (74) x100 n.e. 1.01 22.75 1,855.87 | 198.46
%Yield = R @ A, 1.03 26.22 187293 | 21823
"o, 1.04 26.09 187564 | 199.14
a9edl 2 Uiinaingiuuassdndsivesesdnsnsdanm oA 102 LSIE 1,701.28 | 20985
Wou | Usinadngdu (Gu) | Usuamdndoml B | %Yield "?5? 1.03 21.57 1,871.52 | 208.85
e 350 339 96,86 Anfidiian | 1.01 18.13 | 1,701.28 | 187.79
nw. 400 398 99.50
fia. 420 411 9786 | 3.2.2 @iAninsalfny) Suwundeyaingiu ninens
.8, 440 424 96.36 wasidenas MluundinsUsesfudounsyan feil
n.A. 440 423 96.14 .
fa 450 433 96.29 #1319 4 n1sPuunteyaurain1sUdesingseunsan
e 450 438 9733 youladl | wasnsudesfedounsyan (GHG) | wiag
A0, 440 424 96:36 1. 4na4an19 | LPG (Station) kg
a1, 460 asa 98.70 Udat GHG | BoilerHot oil (thifuim Bunker A) Liter
A 420 406 96.67 NN Fire pump (fla) Liter
e, 420 405 96.43 soeud 1 Ay Wanmin @Fwa) Liter
5.0, 460 45 98.26 Uinahifusawiinau (wudu) Liter
s7% 5,150 5,007 - uahifusaniina Giea) Liter
a8y 42917 417.25 97.22 nashifusaniina (LPG) Liter
Vinashsiusantina (NGV) kg
mﬂ%’a;&alumiwﬁ 2 andunaniieiSouiiou ﬂm{aaamqim@ammwm (CHy kg
. Y & - PN a @135v1A3uL8U Air (R 410) kg
metadenanivsdussansninnisuan (Key Factor) - 2T a
- . e . g o . A3YINAIUEU (AUT,AU9L) (R 134A) kg
lunswdnvasesansnsadnewy Tu 3 dunane laun e et g (R 4008) | kg
dnsadINsENIINARn S uandeTngAy mﬂ%’wé“qyam nateen CHe S INTRIWITY ke
(PuseuLazlni) denilendndue uasnislduise ansfuLds Co, kg
wihendnsoue fauandunsei 3 2. WaINI
Uaoe GHG | USuaunmsiglii kwh
900U
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3.3 nasufunumudunsumaluladnissdniiazenn
3.3.1 funsuil 1 MynaunuLAzNITIaRaTinuRIY
wialulagn1swaniiazen
HUSYITasgauesesAnInsalfinulauansniny
gasfulunsatuayuianssudieg enisdnduaiu
waluladnisndnfiazoinvesesdns THussqaiu
Hrvune Taedndsamerhaiudiuan 11 au 9anuans
mhenuiiiAeades 1iun wan Imnssu Useiuannm
anuvasnfouazdunndon uaziinevusuiinaulag
Inensfierngiumaluladniwdniiaze1nain
vheauneuen Wielvilanuinrndlaegnagnies
ansaUfURlYlaasaz NI tvy

3.3.2 Yunauil 2 N15nsaUseiiuiUnedu
NANNSANTIINUTLALIAYINRINTLUIUNSHAR A9l

nazvTuRTaREn nguils ATEUTUNTSRER AdUAL NFZUIUNTIHER AGLL

UTTYNGE
Fnufiu

i

UTIINAD

AR 1 HINTLUIWATHER

TUATEUIUNINERDIMINS NS UUTEN U WA
FdUsznause ndsulihildlunsiiuedosdns
139 LU LATDISADINTA LASaeinAILEY uiin
\A309U559 aevuddes Tnssldrduinasldlniieg
581319 1701.282166.75  Alatmadalusseniie
NARSNT Alad 1,871.52  Alataddalusseniae

HARST warndenuanuseuiildlunszuiunisndn
dlmyoglusuuuuleth Wowmdsilddmsuntorniy
drsiuansee Tnefinnstdlethuazifoulunane
Funsunisuan 1wy Mdudnanfasuarnisen
Woqdun3d Wewndsdududatendniiddgylu
NsEUIUNIHAR dmsunisTainsuin Sandaiinasld
NAUANUTOUDYTENIN 7,468.22-9795.86 11NE]a
AonENANS Y ALade 8,305.95 WNYYARaNNIEY
NANA

dfunsnensiiddalunssuiunisi@n nsld
druvady 2 dw 1dud nslidlunsyudunisnan W
nszuIuNsTe warmsldinlunsguaunnsdns Taedan
ﬁﬁjﬁﬂﬂﬂ%ﬁmgﬁwdw 18.13:26.75 gnu1ANLUATHe
wirenan i anade 2157 anuiAfLuAssianiig
NANA

Fuiumsasisilnotiunainghuildlusou
Yu1insgrnananssnudunalla WsugAtansuas
danndeu wiednssuanudfey fuandlunsed 5

A13299% 5. MsinaauaudIRynsUsEulodu

NANTENULTA NATIAZHUY
598015 winda wswgmans | Awamden | (Ax2)+(Bx2)+ | aidudi
(A B) (@ (Cx1)

\idowy 1 2 0 6 a
ol 1 2 0 6 4
iy 2 3 2 12 1
Il 2 3 1 11 2
s 1 3 2 10 3
ATHUUEN | X2 X 2 X1 -

Hmtn
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1NA15197 5 wuIdatenaziun i dudizde

UsganSamnisuanisesmuaiauaindingy taaal
Uit 1 n1suld (@nuaanlunsieniiendn o)

aeun
areuit 2 nslalnih Rlataddalusseniionansia)
a3 mslidsium @rssevienandos)
aefuit 4 mﬂ%ﬁamg ielA (Fustevienansdous)
ANRSULNUIINISIAALLUUKNANSENULTLNAlA
\AsHgAanT warAsindon mumsei 6 aun1si 3
Wam131d 7
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A15199 6 inaugin1slviaviuuNanIENUBANALlA LAsygmanilarduindon

ASLLUUNSNITNU 1 2 3 ‘Viil']EJWWl
SAVIEDE > 0-30% 31-60% > 61% guflunismuaunsi 3
WaAsugaans < 1 ity 1 viilu-1 uay > 1 uay
Jedwndon 0-9 10-18 19-27 K& Q*E*D (AN51971 7)
AuRarl3uun s WRaRou —AFRTER
AMUaIITalun1sUTuUTINITWER (%) = —  x 100 3)

TR TE R

a ¢ o o a < a v v a v v o
A5 7 LNUNEIMIUNNTUAATITARNANTENUALINADNANUUTNNA (Q) muNanTznu (B) kazaunszanaml (D)

HANSENUAMINEaY 3 AZLUU | 2 AZLUY | 1 AZWUY
fuUsuI (Quantity: Q)
Unaumstii > 300,000 aU.41./0 60,000-300,000 au.41./4 < 60,000 au../D
CO, Mnnsasudomdadundanuy > 10 AuAl 1-10 AuAl <1 fuAl
fnunansznu (Effect: E)
Usinansli 2 Azluu
O, nnsiasudomdadundanu - ‘ NO, wag SO, ‘ co,
#1uUn15n5218A7 (Distribution: D)
Uil huana ‘ ﬁwﬂswwaﬂ%’g ‘ huszUesniAenyy
O, Mnmsiasudomandundnu 3 AZIUL

3.3.3 Yumaui 3 nInTavsziiiulagaziden
TngvinsiivdeyadeUsunauazdnaunaua fail

.4 N P
TEEUTUNTHERNGI MNIEUUNTRAANGHAN NEUTUNTIRAANGUTH

e

B.86 Awiu 296 i 302 Awfu 198 A T MEATREANG MTEUMHERNGIT

035 TR 035

p . U
wh a . o .. o . . | LEdudu
o —V-{ it }J ‘ wimringiu }J | WAy —
0.93 fuu o
i 1] i T ] 025 TT l :| s a0 sy
a * T
L) ) . . .
| wa ‘ ‘ B ‘ ‘ silikan | ‘ wimrnei % —t | gy
1 ¢ l e i 31 |
T e , 1w s masia
| T ‘ silken ‘ ‘ usua | —'1 =] }~ -
l l l []

e - ¥
| viibian ‘ angagl ‘ ‘ i | ‘ up ‘
l l s v s
| wiudy ‘ ‘ e Wi s } sitlden } — ‘ uiw ‘

T ‘ ! 'i'i\:\lii‘l H | - &y

[ l i

-

-]
&
A bl

| - ‘ 5 St | wiufs | TG ‘
- Condaraste 12 10/ ‘L l

l l ! —
| Vs ‘ ‘ L ‘ a5 Furu ‘ ‘.J'Iq ‘ - | Sty ‘
| i ‘ ‘ UFFINGE: ‘ ‘ e ‘

l Blow down 6 ua t Wi
i 244 Fusfu ‘ St ‘

winiiam .79 Awfu
= 9 a = o v 1 o
AINN 2 N\Tﬁllﬁ!ﬁll')ﬁﬂ’]ﬁ&lam AINN 3 mau@amamﬂﬂm’mmu
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@W @ I S & ‘M‘ MUsEYIvINILaglEuaNaNUNIIMNTTI

o =W o
TEUIUATIHER AU ATEUTURTIHGR NGUAL AEEUTUNTIHGR AU

wiearTRg AU wienrfgiu wnarRg iU
240 flaiardla l l
—— . +
.o ; ———» 1l ---+  Wilwan
» wH;min F : [ R
]
e N ]
]
. - , ;
711 iilaTndiiln L B —m| '
z I Vlwdn i
T wirmiuTau Rk i g l
1
. 1 -
23,035 flaTRdinla -] - S
iy ammamgl | s UTEy
968 MlniARiTaa 1 T H
LA BB AEIF Tt )
Pl U UTTIAGE
i 1
17,289 Mlaineeiin I
- 5 o - - “.1 o8
EERIEILE | . )| esnwe | T dmu
S —T— N
AIART LA uﬁu‘.‘j\!
e
e l
sl . ,
A R T T ussnde
| I
Y M R I
AL
4 o e
AN 4 mamqamamﬂﬂﬂﬂmmu
f]‘a'd'l]':ﬂlf]'ﬁHéimf]&!ll'i.j«l ﬁ'i:."'l]']uﬁ"ﬁuﬁmﬂ?ii.l[ﬁ’ll ﬁ'id'l]':luﬁj’luﬁmﬂi‘jﬂﬁ'li

2 puaL R 100°c

ungau

& @ Tug s |

Condensate 12 a1 Tug100

Blow diown 6 0L Tu100 7

s

vhifudng 770 et

Ml 5 Jsaunauian1slindanusia Ty
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i s e o s SIME winnIsy uarnsiansemamnIsuegedsiu Al 7 Usedd 2561
3.3.4 Juaaud 4 nsUssfiuvazAneranauduldla wasauludn
NN15M5IUTEATULALAATIES WU TUsehy | VoS "“@“"Wiamz
ﬂ’]ﬂi%UUVT']ﬂ'J'uJLEJU

Tymuaznisgaydeaunislandenuanuse, i)
nslddh FammuanuImaiEmsiinUsEansainnis
Hanwazn1sUasiutafiy (CT Option) lunsusuussly
wiazUsziiiu dauanslunisnsd 8

715199 10 Aruruanaginistiazwuuaduldlalunig
Fnanumadenwmaluladnsndniasenn feil

o a o = o o Y = =
ﬂ'?l,uuﬂ'ﬁﬂﬂl,ﬂaﬂLLag‘ﬂﬂaqﬂ‘UVﬂﬂLﬁaﬂWlﬂIuIaEJ R - v R
o A o a s v o asUszdiumnudululddunaia
miNamwaxmﬂwmmsaﬂgumlﬂ WQLL?{@\{LHWW“NQ 9-11 :
1vaneds | wilulden sesendediaetmalunsufiieu
7157199 9 MsAndenmLdenmAluladnisnaniazen 2 VaNoae {Ljﬂmlmmuﬂma Tfmummmﬂgwléﬂ%
FamnsougoRl @':?Uﬂ:uuwmmﬂammmfg e
3 meds | wilaldde Annuaunsafualadigaues
madenmalulagnis ld | Fesdinw 14l msUssfiupnnudululiiuasegenans
HAAVEDIR e 1 yeds | Winansuwnusmunasitu/Aaeandunuldies
Al 2 yneds | WinansuwnudnunsRu/daeanduule
L annagayidendaanu v Jrunang
MR LLLEALL DL 3 mneds | Winameuunununsidu/disandunulaunn
3 L4
2. nsanan1sludinil v N e e
. ¥ msusadiuanudululdmuisnndon
yomdaulngn1sAIuAN
Avaudafiazanuiinla 1 viunefies | antSunuuaislaiee
AUNUINLIATTIY 2 vanefie | anusuauafivldumunans
3. NSANFIDULIBSLABS v 3mgde | anUSunuuadiwlauin
WiapruAuUIuIaeINA
damun1sEnsiday
4. N158ATUIABDY v 0w o o v
e dmiurnanmsdndenanudululy CT uanslumiss 11
wW3aduAn (Blast Freeze)
WealinUsyansainnns
ududadudn wavannsid

= v o o - = a A
M990 11 ﬂ'ﬁﬁ]ﬂﬁqﬂlﬁ/ﬂﬂlﬁaﬂLWﬂIuIaEJﬂ'ﬁNam'ﬂaga’]rﬂ

N o 4 pzuuuanudulUle ATLUUTI w4

medonmaluladnisuaniiarain — - — eun
walla (A) LASwgANEnS (B) | dwwanaeu (O) | (Ax2)+(Bx2)+(Cx1)
1. annsgodendsaiuaintiou 3 3 2 13 1
vemiioth (anndslddaiimn)
2. annnsluganarivemiietilag 2 3 2 12 2
mmw]m'wam%qﬁaxawﬁﬂlﬁ
AIUNTANINTFIU
3 ‘sfnssouneinesiiioniunu 3 2 2 12 2
USunueniasaniunisylda
4) nsanvuInensadudT e 3 3 1 13 1
Wnusean3aimnisududadud
wazann1sionasnulniives
ARNLNTEYRS SYUUiALEY
Azl X 2 X2 X1 - -
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A1919% 8 WA aiuUszansnmnisndnuaznstesiuuaiiy (CT Option)

Uszifiu I/ Yymuarnsagyde Bmsuuszavsam | Ussloviddienen Ruamu/
YAgeyide NIHAALAZNNS eldsy yarnsusende/
Uosiuuaily TEELIAAUY
15 sfath sl nuvsiern No.1, 2 USumaussiuvsieth 1. anUSuanns 1. 89U 0 UM
Wi | Nod,2 | wwin 3 dusedalus 2 9 gafl 1 (6-7 113) Tdndsnuauiou | 2. nausewda 59,233
(Au3eN) ﬂﬂ@ﬁu%ﬂuidﬁﬁl@ﬁ%ﬁ?ﬁu wazUFuR LI (thifunn) usied
(6-7 1n%) vhlWiiAuedes wiforhead 2 2. anmsddey CO, | 3. spawliAa1AuYUII
nioufunasngansauiy (5.5-6.5 U13) 4. CO, \inuwitiianas
dwmaliiudontoimas 17,257Alan3usal
mslih | wfedh | TssnwhnisTudaenniiiiiien | Usuideunasinns | 1. aauSinams 1. 8mu'0 um
vowdedlavaneiildgeliiiu | szuiehanni Tihanmsiian 2. uatszndn 306,056
1,200 mg/l Fsmunasgiu | vuadivesuded nadisniudan vangied
wenAdanaosldiiue avanedldgiliiiu | naunuthilvinis (] 8. ssesiaunuitui
mmgmﬁ 3,500 mg/L 1,200 mg/\ Usu wmmfw 4. CO, Lﬁﬁmwhﬁamm
Srusudalmdulumannet | Wasuligduudll | 2 andSuaminng 89,174 Alansusied
NINTFIUEIIYIN I \AuAnnAsgIL Tidemas
Usgndasuyuladdiuiuiin 3,500 mg/l 1ng (disfuin)
anaiavoded iovnnihiivinig
avaneld (Total szunedignng g
Dissolved Solid ; 3. annselu
T09) Idilndifss | nsthdathide
FUAARTELT 4. apn15udey CO,
3000-3,500 mg/L
Ay W30 | Msldnuaiessaeniarn | Resesunesiwesiiie | 1. nsuszvda 1. 89U 540,000 UM
NANU 21N 90 Alatnd dlwaanisldan [ auaudsinaeinma | wdsouiuli 2. wausevidn 396,706
(L) Onload wdeies 500% ¥y | Samulnannisldey | 2. aanisudes O, | umsed
939 Unload 50% (laindn 3. SrgElIanAunu
01medn usldindalin 40% 17 o
YA eIenaIne) 4. CO, \Wisuwhitanas
44,593.26 Alanfusied
sty vouda | viewlFadudiivifiuzuds Uiuugavieaududs 1. msUsznda 1. avu 493,412 U
wiwm | dud Auinguuvyleefigamagd | Auilillvuadnas | ndseuiulnda 2. wausgndn
(ltin) (Blast Haus -10 F9-00 pemwalTea | uaziiuiinisugud 2. annsUaey CO, | 743,488.2 uwinal
Freeze) | Tponsuudeduiduliviy | Audfiaumsigas 3. S¥UELIAIAUY
fiuil @iuiiaande 2030 % | fudud 0.7 iy
niuiivomiaun)  deald 4. CO, \Wisuwhitanas
ARILNTALTRIURITEUUT 83,574.74 Alansusel
pduiauiuenusndu
@dldmdanuliinlunisuy
uwieduf 50 % veaszuUTh
Anafuiiamg) ilvigayde
nsldndsaulngi

3.3.5 aupaui 5 n1siluTduazUiuussedeaiios
NAN5199 7 ka9 BIAnINIAAnY enisnsii Ul fiRnusswnuwelulagnsnanfareauasinn iy
Uszillunaegnssianilos lu 2 Usuinundn fe
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1. myaaUSunanislandsay (i) 91nnisanswintesadudiiefiuuszansnmaisududduduazan
msldndsnulnivesreumsawesseuuyinau iy

2. maaUimanslindanu (udou) 1nnisaanisgydendsnuanuouemiion Tnon1suiuds
wssdumsiothend 1 (6-7 11%) uazduRussuniiotheedl 2 (5.5-6.5 119 Weldaaainisvinuvemdien
aonndafUUSINMALd ISl leThueanssuIunsHAR Uszanal 1,400-1,600 Alandulethsedalus (iieaan
Wndanssiuldanulda 7 ung widuia 2 e viilndedis 2 ga Snsvgauazshaundontu lnevsethanunse
mam"l,afﬁmﬁuqaqﬂiﬁ 4,800 Alandulethsedilus dadumdsniswanfiunnifuanudosmsldaudsmalius i
nslidamdaiininsaogamalie)

3.4 panuanUsunansUassfnwisaunszan (4], [10]
M59f 12 Usinansddesfinsdeunszan (Reu-ndeindunis CT)

Usunuig USunufgsou USunauing Usinuigsou
Founszan NITANABNUIEY SounsEan ASZANABNUIY
y . e ¥ 2559 nans U U 2559 92560 nandun U 2560
VBULUAN LUAIN1TUADENYLIDUNTLAN
(TonCO.e) (TonCO,e/unit) (TonCO,e) (TonCO,e/unit)
(oY CT) (Nauvin CT) (1 CT) (13911 CT)
1. unaans | LPG (Station) 16.43 0.004 24.60 0.005
Uanefing Boiler, Hot oil (1hsfuinn Bunker A) 2,829.95 0.773 (96%) 3,330.56 0.665 (97%)
\39UN¥3AN | Fire pump (Fia) 0.54 0.000 2.71 0.001
NIAT sagud 1 Ay Wannisa Fia) 11.30 0.003 11.97 0.002
Usinauhsusamina (uudw) 7.24 0.002 8.18 0.002
Usinauhifusaninam (wa) 0.47 0.000 0.84 0.000
Vnashsiusantinau (LPG) Tuiftnasla - 0.13 0.000
Usinasifusantinau (NGV) lalsinnsTd - 0.27 0.000
A15Ua0Y CH, nnvetatndy 0.00 0.000 0.00 0.000
a15viAadu Air Condition (R'410) 29.73 0.008 29.73 0.006
ansvienndu Gud i) (1 1308 0.01 0.000 0.01 0.000
asvienndu Gud i) ] 2044) 0.08 0.000 0.08 0.000
A1sUany CH, nnestintiny 37.48 0.001 a6.77 0.009
A5AULNEAS CO, laiginnsly - laifinnsly -
FVDUAT 1 2,933.23 0.801 (100%) 3,455.86 0.690 (100%)
2. uviaens | Usurndpslglaih 3,412.08 0.932 (100%) 3,748.99 0.749 (100%)
Yanefing
Seaunsyan SAUVOULAT 2 3,412.08 0.932 (100%) 3,748.99 0.749 (100%)
M9PoN
e : Usiaumdnio (FG) U 2559 = 3,661 Ton/year , U 2560 = 5,007 Ton/year
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3.5 WisuiguUsunaunisuassinegisaunsyansa
wureNAnAMI 989n15U1 CT Option NAaLdanty
Ufjunldluesdnsnsaifnen

A19197 13 USununisuaeefnuiSaunszannantignans e

(ROU-UdIN15vi1 CT)

Usuaieiou Usuaieiou
NITANADULNEY ASZANFONLIY
YoUWAT/unains | wandnet U 2559 | wAndnei U 2560
Udoufneiounszan | (TonCO,e/unit) (TonCO,e/unit)
(nawi CT) (wagvin CT)
1| wrasn1suaesnng 0.80 0.69
139UNTLANNATY
2 | unasnsuaeuing 0.93 0.75
Soaunsyanyedeu
S vLn
1.73 1.44
FG (Ton/year) 3,661 5,007

a3U U 2560 anasainl 2559 = -0.29 TonCO,e/unit (-16.8%)

4. anUs1ewna (Discussion)

nmssiiufanssy CT WinannisanySunainis
Tdwdaanu (Anusen) 3nn1sann1sgedendaiuadny
fureansioth wui Amdsnudemds @)
WA, 2560 SiAady 8,306 wineyadavuIENGn s
anaan Andsnuidemdsduem) 1T we. 2559
fiAade 9,454 wnzadeendng v 1,348
Nz adeendnsi visoRndusosaziianas
WU 14.0 Jedswaliusunanisuassinesaunsean
PNVOULLA 1 (WNaIUagewsaUNTLINTINTI) AR

uadrufianssu CT @avinansiindinuaiimiou)

3 DiffEressure vas BOILER 1, 2 tioannisirenvas BOILER Wlnddusiutiinaldvie

STEAM BOILER, START CT

€ — 1348(14%)
Al 6.0-7.0 BAR [MJ/Tm)

I 1000 10417 19890 10453 10454 10,298
10017 10,2
) 170 & -

5922 B98I 5834 679
ots [l sss [l oo [ ., 7968 7893 920 s 136006
|
|
|
|
le o o o ¢ & & F

p‘fg‘,ér‘?s@‘“-' o

7,

B MUTon D 2559 MJ/Ton D 2560

I k] P P T & P - )
Amasanutiaiwie (i) U 2560 < Awdseudaindo (aien) U 2559 = 1,348 Mi/Ton win 145

5199 2 wanseviuAanssy CT
(anUSunaunsidnasnuaiudon) U 2559-2560

MUTERININILAEIEUOHNANUNN AN

WINNTTU WATNITINNTANANMNTIUOE9E38U ATSN 7 YsednU 2561

28

wazntoyaUsuamMsUdseiwisaunsyanse

nUNAnN T URRIANIATIANYT  nulul A
2560 aun 1 uazaauwn 2 Ainsimeluladnng
waniazornulilunsuivusionssy  SUSuounag
UassfaiSaunsyanviniu 1.44 duasueuleesnlan
Jieuwhseomhendndos anawiny wa (2559 i3
Usununisuaesigiseunsesanvinnu 073 du
Asueulneenlumiisuwinderignansiue wseAndu
Sovazfianaavintu 16.8 Fauansluns g 3

‘ USununisuaessingSeunszandevuiunaniue
(TonCO,e/unit)
2 -0.29 (-16.8%)
15 ' cT! s
Cw 1.73
1 (i ‘ -0.18 (-19.4%) ‘ 1.44
LY 093 9
95 0.8 0.69 0.75
Q
vaulafl 1 vauail 2 Total
U 2559 1 2560 GHGS (TunCOzaIumt) 2559 | 2560 | %
1CT= Cleaner Technology wouLm# 1 total 08 | 069 | -138
- thifumn (Bunker A) | 062 . -
Output (FG) mm wouwed 2 (Wil) | 093 | 075 | 194
Total (Ton/year) 3,661 5007

<

5N 3 USunauieiSeunsyanneviignansnue U 2559-2560

mslindmadnisnan wudn  udwaesfing
Sounszan veuwm 1 famstmeluladnisudnd
azo1n wltlunsufulssianssy (madendl 1) annis
gydondsnuanudou (idusinsne) vewmsieih
gusaanUsunanisUaseineiounsyan  Tul .
2560 Wiy 0.67 sumAsuaulaeenlaniisuyinne
whonaadg  anaseny WA 2559 ilUSunanns
UaeeeSeunsyaninniu 1.77 suasusulaoonlen
g uinseLlenan Ul wioandusevariianas
Wi 13.0 sawanslunsii
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vhnmundssfireFoun
(wournil 1 Direct Emission)

| Tt

(TonCO,e/unit)
1.00 ’ 0.11 (-13.8%)
080 0.1 (-13.0%) ‘
0.60 0.77 -~ 0.80
040 0.67 0.69
2;3 6%  (97%) P (100%)  (100%)

WU 1 Boiler, Hot Ol (thifuin A) ouion 1 (uq wiu LPG, CH4, Diesel Total
JCar allowance, R401, R134A, RA04A)
1l 2559 (rawsin CT) D 2560 (wdavih CT)
GHGs (TonCO,e/unit) 2559 2560 % anaa

'CT= Cleaner Technology

- s (Bunker A)
O (FG) 2559

Total (Ton/year) 3661 5007

Fl
vauLTA 1

0.77 (96%) | 0.67 (97%) -13
003 (4%) | 0.02(3%) 0

0.80 (100%) | 0.69 (100%) | -13.8

599 4 USununsuaeefeiseunsyansneniianan e
(v@uLum 1 Direct Emission) U W.A.2559-2560

wasuvasdosfnmdaunszanvauien 2 fitn1sth
waluladmandniiazeinunld  lunsufuusafanseu
(mMadendl 4) msansuiaremaduduinuszansnm
Msutudadua wavannstindsnulnihreumsaiwes
syuuiaady  @unsaanuSunansUasefingiSeu
nszantul WA, 2560 Wiy 0.75 suarsusulaeanlon
Wieuhaemiendndng anaswnd we. 2559 il
USuaun1suapeinedaunssanyindu 1.73 AuAsusy
Tpeenladifieuiventhondndog wiedndulobasi
anaainiu 168 sanandluns i 5

Yinunisuassinaiiaunizandeviiasnand

(u8uLwAii 2 Indirect Emission)

(TonCO,e/unit) -0.18 (-19.4%) [ cr
1.00 0.93
0.80
0.60
0.40
0.20

0.00

1 2559 (rlawih CT) 9 2560 (wiwh CT)

Yumslilin o Total 2

1CT= Cleaner Technology GHGs :Ton(O;e/uml)r 2559 | 2560 | %
wauLan 2

093 | 075 | -194
Euifia ) m - nslilvivh

Total (Ton/year) 3,661 5,007 0.93 | 0.75 | -19.4

Asd 5 USunauinisuasefeiSaunsyandeviienansiue
(vouwm 2 Indirect Emission) U W.A.2559-2560

waviilormaniuysinansudesiuiSounsean
Aovihonansfas  wouwa?i 1 uavveulwad 2
Wisuleul we. 2558 Ugiw) U wa. 2559 (nawi
waluladnisuaniazonuld) wasd w.m.2560 (dsh
waluladnswandiazonnunld) wui1 Usinanisudes
faiFeunszaniiuunltiuanas fuwanslunsnd 6

aiBnumsusssfiiSounssanaowminendnsiue Y 2558-2560
(TonCO,e/unit) 1
onf (e unr T 4
2 +0.14 (+8.8%) -0.29 (16.8%) ‘
15 H s
1 2560 ifiuu U 2558 Mg)
" 1.59 iy -1.59 (-9.4%)
1.44
05
0
1 2558 (Ugm) 12559 1 2560
Total GHGs (TonCOe/unit) 2558 (Ugma) 2559 2560
!CT= Cleaner Technolagy voukemi 1 total 064 0.8 0.69
5
Ui (Bunker A) 0.62 077 0.67
EEREETIEE .00 | o o o

Total (Ton/year) 3818 3661 5007

59, 6 WisuisuUSInaMsUaesietsaunsyanaenule
nansue U w.A.2558-2560

5.a3Uua (Conclusion)
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Usziunufiildluesins  unasaseineisounszan
gaua 1 nslimdanuanudeu Ussamidemdsann
drueunsae  wavveuws 2 nsldwdseliiin
a3uin Tt wa. 2560 HUSunanisUaeeingsounssan
wihiu 144 duansusulaeenleniisuvinrenuie
WAnSue anasainy e, 2559 fifusinanisudesfing
Seunsyanwiniu 173 duaisusulaeenlenifiguin
Aomhonandne wioaadudesasfianassiiiu 16.8
waglUSeuiisunuusunan1sUaseineisaunsganaind
we. 2558 (Ugn) fUTunumsUdesfimiFounsyan
Wiy 159 suansueulneenleniisuvindenioag
wandoe  wseamdudeuazfianas wiiu 9.4
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Development of the Oil Splashing Machine with Modern Photovoltaic systems
for the Fried Groy product of Denchai Community Enterprise, Phrae
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Duegredtiurmtulugumy LLm:u{]z:wnmumvmum'ﬁmmmmuaaﬂmmasmz:usmmsmimaamumuuwmlﬂ g
navilinanSeinassvenunninuazaudsmaseulriiinduswauing mu’maummmqﬂiwaamwawwmmim
adninsudviunandueinasnen tisannisuaninuesudnfusnazannsldndsnulnihasdiessuuiead
wasonfindarilu nansivenudn mugiseuiimnvandmsudadniiiunassnenvuin 1 Alandy ldeasiiu
475 souraund w3eldisnsusumuivesawmes 3 aauan 1 useh ldaasiiu 25 1§50 aunsadiusnsnig
nanlaas 3 Alandusiedalus IngldvinldiAnaudemoliunnansas waviisnsinisaudemdsnuliianas
wdeLfins 68.64 Alatad-falusdeidon ilssurumulnivenedosadaituniedios 303.20 vindoifieu
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AFIARY : LA3RIEANUNNY; NagENeN; SEUUWARLaIRNndaell

Abstract

Fried Groy, the product.of Denchai community enterprise in Phrae province is a new processed product that generate
income for thevillagers in the community. But, they have some problems in process of general purpose oil splashing
machine. This causes the broken products to crack and waste a lot of electricity. This research aims to develop oil splashing
machine for the fried Groy product. To reduce the fracture of the product and reduce the use of electricity with modern
photovoltaic systems. The research found that appropriate round speed for 1 kg of fried Groy should not exceed 475 rpm or
use the frequency of 3-phase motor of 1 horsepower should not exceed 25 Hz. It can increase the product rate up to 3
ke/hour without broken and reduce the power consumption down to 68.64 kWh/month. As the result, the cost of electric
shredder was reduced to 343.20 bath/month. In addition, if this oil splashing machine is not used. The electricity, generated
from modern photovoltaic systems, will supply continue to other appliances in the same production process. That causes

the average electricity consumption reduced to 177.21 kWh/month.

Key word : Oil Splashing; Fried Groy; Modern Photovoltaic systems
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Alan3u YSinaunaseneniideinisussyatan 1 Alansy
WAZLIAINISAABUN 20 Tu?l NansUsLETuE A

T=F *¥r,
(1)

= mr2 oLy

=
g T =wesdi(N—m), m = usavi linAN13uW(N)

r =ismmnfgmm\;u"lﬂﬁqmnﬁuLLmLm(m)

o = ANNNLNERNY(rad / Seoz)
o
(Xt En
t
(2) m=27tn/60

(3) m=2*TT*900/60

t =20sec

=94.247 rad/sec

Oy =94.247/20 =47 rad/ se02

’C=3*0.42 *4.71
T=023 kg—m

=2.26 N—m

(1 N—m=0.1019 kg—m)
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3.1.1 mimwaqﬁqaéﬁﬁ'}ﬁum%"mth wUI o
AULSI50U 915 Sausewdl nseualvivesuawnes
T Wiy 8.70 wenuus (Amp) ngldndniusinass
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Alansu Snvasndndusinasunendladniswaniin
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Abstract

General construction activities can be managed to achieve the profit with limited resources and time. A
resource such as ‘\people, material, machines, method and measurement etc. That is required for
completing.various activities in a project. Thus project management techniques are useful in scheduling
and timing the various resources by project management can be used to resolve to resource conflicts and
also.useful*in minimizing the project duration within the limited availability of resources to make the
project profitable. The aim of this research has to analyze the available resources, then allocating them
with leveling and smoothing of the resources by estimating timescale activity table within certain duration
in the project activities.

Key-word: Resource-allocation; resource scheduling; resource levelling; estimating; PERT & CPM
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Study Of Tool Steel And Coating On Die Stamping Of The
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fuan efivanngu vansuuu Tagldusuasusudnuay anans dasidunay uaynssisnsuanSosun
pasnauilvuatuinNzay dzadndeniswann msldassuazensenisuasuudasniognuilel
yyudeulutigtuiiinun 9 9da Usgnaudae wlins1a1 10 U1 5 UM 2 UM 1 UM 50 @AN3A 25 aRnad
10 an3f 5 annad uay 1 aned wiSenualudeufigninanldlussuuissvsiafivanua 6 via
5101 Uszneuse ¥lnTIA1 10 UIn 5 UM 2 U 1 U 50 @nned 25 aned gaaeleinisidetanild
mémﬁﬂuﬁ%um’%ammﬁmﬂm 2 v tagldTanlunisnaassdiuau 3 vla loun wannd1 W360 wannan
KA90 4a% widnndn KD 21 YNN15NAaaaafa uRwNuine35n15PVD (Physical Vapour Deposition)lagls
asindeuRawifia 2 winfe lndelunsed (TiN) wa Tasdoulunsed(CN) Ainnumunvesansiadey
3 um nNansMIALuNUITenud) wanndn w360 viamsiadeu lasidlenlunses (CN) Anamun
yoaasiAiouszana3 um 1#suau vlegiidulfnniian vieussana 1,300,000 wieny sousifusi 1 ¢
(i - na)

ARy (Key word): “Physical Vapour Deposition” ; “lasifleslunsned(CrN)” ; “lmnideulunsnes
(TiN)”

Abstract

TheRoyal Thai Mint has produced circulating coins for use in the economy since the 1950s,
which has varied styles, patterns, ingredients, and process .The weight is appropriate. Easy to carry.
There are 9 types of coins used in the current economic cycle, including 10 baht, 5 baht 2 baht 1
baht 50 satang 25 satang 10 satang 5 satang and 1 satang coin. There are 6 types. Price is 10 Baht 5
Baht 2 Baht 1 Baht 50 Satang 25 Satang Researcher has researched materials used to produce
coins, Three types of materials were used W360, K490, KD 21, and PVD (Physical Vapor Deposition).
Two types of coatings were used: titanium nitride (TiN) and Chromium nitride (CrN) at a coating
thickness of 3 hm. Based on the results of the research, it was found that W360 coated steel
Chrome Coating (CrN) Coating Thickness Approximately 3 Jm has the maximum number of coin or
approximately $1,300,000perDie (Obverse — Reverse).
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2. 35738 (Research Methodology)
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s

1,200,000 HAMTANT

1,000,000

00,000
600,000
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200,000
0

1 2 3 4

mw360TIN mK490 TiN mEKD2L1TiN 50X . : b ~
: y - A S e e

A9 10 nTMLEnIIUIIE B TlARD
Wil 1 ¢ vfinasindeuTiN

WA 13 KD21 @nmsvung Nitric 29%(50X)
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AN 14 KD21 annudsauduln Nitric 29%(50X)

namasiulinlasEsnman1Aveiankn219ed A 17 W360 annviasaufulyl Nitric 5%(50X)
mstudnndsgaduannddgynvihliinde 3.2 I9AUNUIVBIRIARDU
UNNTDIVBIULRNNLNI ey Tunsinanumnveiuaioudideldldiaes X-Ray

wUU XRF Tunmsinanuvuivesisedouivelalunig
gudupuvunengn

AW 15 K490 Nitric 5% (50X)

A 18 1A389 X-Ray XRF
Tumsinnramunvesiiadoufieudlunisiauuy 3
0 R 3 p%s n13¥e arlunistadends 20 Jund
el

A97197 2 LARSNANITINAUAUIRLATDU

f\}ﬂﬁ W360 | W360 | K490 | K490 | Kd21 | Kd21
CrN TiN CN | TiN | &N | TiN

(um) | (wum) | (wm) | (wum) | (um) | (um)

AW 16 KA90 ananudsauauli Nitric 5% (50X)

il 1uae12 Wunmlasasganavesianvin

K490 Tuaninivuie wazndeuauln aziulaindu /1 |301 305 |298 |301 |311 | 303

1/2 1298 |313 |3.01 | 299 |3.09 |3.02

lassastdlugunuuvesninulent uuuleniius
1/3 | 3.02 3.01 3.01 302 | 311 3.05

2/1 | 296 |3.02 |307 |308 |307 |312

2/2 1303 |299 |306 |307 |303 |310

2/3 1303 |303 |310 | 305 | 305 |3.12

3/1 | 315 | 297 | 312 | 298 | 299 | 3.01

3/2 | 320 | 315 |3.08 | 297 |3.02 |3.04

3/3 | 313 | 309 |3.03 |29 |3.01 |3.02

AW 16 W360 @nmsmting Nitric 5%(50X) 3.05 | 3.04 | 3.05|3.01 | 305 |3.05

“l
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f15719% 3 LLﬁﬂQNaﬂﬁii’fﬂﬂ’NﬁJLL‘ﬁﬂ

Pinmsiedeuinfinnuaiiauslndifestunisiedouii A%s | W360(HV) | K490(HV) | KD21(Hv) | KD21(Hv)
Wevhnmeaeuiiauindedoinfinnuvunseiu 3 b homo carbide
um ngumslFmunniian 1 735
3.3 nadouANLTIdaaasaslulAsaNsALLE 2 775

(Micro Hardness) 3 780

Tumsiamnuudwuulilasesawatiudomnanns
BATRTIEANIATESIaNAMANKD21 Tnseesed
999179 W Cr Carbide filsivasuazans 3adosnns
nnauAuLdsUsaile Cr Carbide Wisudieuiu
Iﬂiﬂﬁ%ﬂﬁﬁLfJuHomogeneous

782

1

779

783

1

850 1166
2 845 1095
3 861 1125

4. anusena-(Discussion)
n137¥aglAT9a5199a01AY0 UNANW360 waz K490
A1d98818 500 Wi ziulaseaiisaziden
(Homogeneous) aiiauenasn dAuudedinnuuds
DAY (Hardness)asiiavenaenii772 HY (0.2) vl
PVD BaLngléid Substrate  gufavinfuveasitiame
Srunumegiindald Ussunas 1,000,000 - 1,400,000
WSy Ao wifins 1 g lassadeganinveaninkD21
fifdsens 500 wih anduidensludidundgudaiion
wande 1128 HY (0.2) wazfiulaneiiaafudady
Tssadanmuledfinnuuduade 852 MV lulasensn
\wal (0.2) WANKD21 axilanuuandnsiudsenvasiu
avmyilinisBainzves PVD Laifvinimas Substrate
Material gudilaiwiniuvinlvienguifiniauiiasioy
fumdoLies 600,000 WSy sio Wil 1 ¢

5. @3Una (Conclusion)
PNAITUATIZANANUIINTNAAULRUWATOEY 2
UM (13 - flew)anstiininw360 Aruaugamgilunis

aupulweglutvaamglin 530 - 580 °C iielildniu
wieadef 58-60 HRC  Aumuwesiandey CrN

a A ° v o = A a v
Wwaef 2.8 - 3 um azinliIwIUUI By ANARLAT
Ysunanduiumela Insduaifusiinieoy 2u1n 7l
awarendenldruihlunaassdumeiaisslumioy

a U <@ a

MRUIBUVUIALTINA 150 fu AILSIIUNTART 800
~ 850 w3Eey/ud Sty laneulfiun 1 ¢

4

TneUszunad 1,300,000 — 1,400,000 LiT8ey fouana

] 1Y) 3
AN 21 LAAINITINAINULLUY
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1g  duminKD21 T WU uweildne [8]=indexhttp://www.bohleredelstahl.com/en/
Wit 1 A egfiuszanal 400,000 - 600,000 WFER  W360ISOBLOC. php
Tneld35n1snnaesuuieafuiumanW360 wilouiy
NNUSENIS WANKA90 1nN1s3TenuInaIusavinnis
yuLAdauRalAA d1urumTogilddowsiiu 1 g
TndiAeafufumdnw360 udiiesnnnmankago fisnan
Aoudnegs fAdealdagunaliituguimaiieldimun
Duesglunszuunissisly
6. NAANIIUUTENA

yovouAufsIuIensddnawival Alwnns
atduayunsinunsuiciageunsaifldlunssiiuny
13y YovouUAnFischer Thailand lvinsatduayunis
NAEDU
7. 1ONE1581984
7.1 @nasanedamening

[1] dNUTNITRUATT dUUlATINISwaYImA
FUITUS NEILKNUNIU AMUEIAYYeLUs BN Bl
http://www.treasury.go.th/ewt_news.php?nid=91

[2] d1inUTMIRUAT) dnnulasanisasine
FUITUS NRILHUU TUUmREgnwIUal
nyudsulussuuesygna
http://www.treasury.go.th/ewt_news.php?nid=
7665&filename

[3] sAutia afsiuan FenTsunIseuguman
NFUNNUMIUATRUNAIN TNV INNE,
FnssuanuuisUssnelnglunssusguaus,
2537

[4] Anfinay Auzwad ASYe sipdna ofuv Juud
LATUSHT NAWUTEY. 2550, FaRIrNTTa. NN :
wunaduis. 525 v

[5]=indexhttp://www.bohleredelstahl.com/en/
W360ISOBLOC.php

[6] Bsxgus wWhauuudl (2555). nsimuatady
nSYUIARBLRAY PVD ulsifiusituwdogynuival
vipdsuningan 1 uw Wloandununisn an.
(Weninusimnssumansuiingn, unine1dsy
walulagsusnadayys).

[7] 25308 anauiiug. (2554). matiinegnislian
YBInNRTNsENY YAl ulsuriinga 1 umlnl.
(NYTNUSIFNSTUAERSUINU TR, UN1INeSY
wialulagsvuenasiyys).

Bohler, (2014). Introducing K490.
7.2 WONANTENBINTHSINGY
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a a a Yy v % Y] v ' &
AsinuUsEaNS A wndadulauiainnisidainudaudassig
nelulaasmiudlgmalulagniswanilasualnusaudlaluluwes
Increase Efficiency Steam Boiler by Heat Recovery

Inside Stack with Technology Heat Exchanger Economizer

L4

Yiens duana’ , Use] yaniug' uas auinid 2edetus’
tanuivimnssumsdnnsgnannssuiion N
AL IAINTTUANENSUNING R UNALULATTIYLIABNTZUAT
1381 auuUsE5 1805 1 UUINIdaing AT nammssLAT 10800
chanyout.cpvn@hotmail.com

UNANED

nuAeilgFnvmsifinUsyansamvewliodulethvuin 2.5 susedludilFiiallndemmar LPG 1y
Fownds Tnsnsanufeuddesiisluldesntuinguihdeuwdadedulotimomalulad nisuaniden

Ausou Blaluluwes Nllvwinauedvie 1,000 mm HURIELUENANYE 62 mm F1UIU 64 o 1evie

¥
= '

Bpadostuiiauanivdsueufouiliihigungigaiunentlouidmiiadulothiideuinufveiines
TnensnwaniUieuifisugamgiivesifoudh JsyBuBamveansioduleth wagnansuszusanisly
Founds fouuazndenisfananiesuaniUdsupdiou anuanisfnwaglidmininfinduedos
wanidsunudeu ansaviliihilddeulifunioduleviufuaisnesiigungigaduain 38.30 °C
W 67.20 °C, Useaviznmuemisiediletiiiuiiuann 81.59 % 1y 85.65 % anansausevdanisiitemnas

voavdlasulonls 4.74 %
Ardfgy: nswandsuanuden); slaluluwes

Abstract

The research’ of this study is to increase efficiency of steam boiler 2.5Ton/hour which used liquid
petroleum-.gas LPG as fuel by bringing heat recovery inside boiler chimney stack to preheat feed water
with technology heat exchanger economize taking the economizer with its pipe length of 1,000 mm and
62 'mm diameter for 64 pipe is a cross flow with staggered tube to increase water temperature before
entering the boiler pass to deaerator The study is carried out to compare the differences and savings of
the feed water temperature, steam boiler efficiency, and fuel consumption between having the heat

exchanger installed and uninstalled reference to the study result after
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installed the heat exchanger the feed water passed into steam boiler deaerator higher temperature from
38.30 °C to 67.20 °C which leads to increase efficiency of steam boiler from 81.59 % to 85.65 % meaning
that the fuel consumption of steam boiler will be reduced 4.74 %

Keywords: heat exchanger; economizer

1.unmi (Introduction)

desnwsiodiuledifugunsaififianuddydmiy
Tindauenufouvedlssnugnannssiemsd 15y
uazlunszuaunsnaneIsduagUEL wa du e ey
Tunszuruniswdnardavienuletasdudafuaudi
Tnonssuagletfivuazgngaiisld vinlsldanunsan
Aaunwannaunldusyleadlafadunisande
wFsuauoudumislulasadsslenifaiumg
TssnufsfosRnmisussniandsnuanmsldidemas
Tnemaiiuusyavsnmuomsiosulodlfiuszavsnm
getuann gy denduiidauasiusenlulaonss
wazgnanidlumdssnulfueadiuimiuiougade
e iinduansiedulethigu anudeuddesiivan
Uaosniuvaamdiedulovidundsnumiuioudaian
nszvIunsdunUnniFemaudUdosguiseina
Fendsnuduiiannsoinduuliussleviuasdunig
Usgndandsnldituis Tnsiluazthauiouldes
fannUdesatuniiofulothldguihtendmiadule
ilviquugigenitdrundddeuldnagyinli
UsrAvsnmilsnnuSeuvemdioduladifutuysyana
19% vn 22 °C vosmuFeudidenguinlivieniuiou
90 6 °C MiutuvoniJoudmdosulodhildainnis
wanidsuaufou indlaluluees viegungdl
oMAneuNTEUATIRLIY 20 °C NNNTPURINARY
yldiseAns nanidsanudouressiodulodniinty
Uszan@ 1 %. [ 1 1 nmiaudeuldesiisannudes
afuslduanivasurnuieumsiilivoandialufing
Youllldosiisanudesatulimaiufesay 5 e
WSeuitsugumgiivesideiivdesiiatugamngiives
loth sumpvesimdeiivdesfismsazgdliiu 60 °C
yosgunniilewn seghatuindnledd 7 v1tne)
aldganniileth 170 °C fufugumgfivesfuided
UdepiitanUaesaiulimsiiu 230 °C UFum CO Ll
AI5LAU 250 ppm

54

Saardruilanfuletdenlanfudeoindsnisedd
Uszana 13 - 15 Alandy uazgamninisuldesiis
vesUdesniuilotnuaniudsunangsoudislalyly
\wosudpuugivdesiisarangundeuszana 150 °C
910 230 °C [3]

winudieuyseEusanmmana lavin

140
120
100
a0
a0
40
20

RT3 TAET ATl

PR T tlaudnc

AN 1 wanslseansaniuduvessiodulein
~ a v 8 aA v Y v P
WIHUNYUNUUNUB UL LAEAINUTDUA

A&l 1]

o w a

mdenisudnletlaenilugungiundeudmdedy

v

lothagdpawiniu 100 °C wardealdiinsiglotingde

sulounnguiaelimaniswinlounasmandigamgll

Unteuniiedulotsninmrunazandsunaletirivsie

v
°

aulaunwsizsesldlauianudeduleurluguun

Jautmitaaulatnlirld 100 °C AUWANAITENING

AsauRndULlEC
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Masnsuanvesndesuloumangu]iumdinisnan 30°C-40°C

lounaseazluediv gamgiivesundeudmiiasulous
60°C-80°C
\$ona1 factor  of  evaporation  81laifinsin

Steam To

condensate nauxnlduazlifinisvieamgiundewdn

A Process
" W vo. &, Y o v o . Feed Water Tank Deaerator
nilesulaulvigetuneutoudwniioduletdeogagy .
[ ¥ v v v A H | A e i f
afeutdnliasulounneumguiivateviedilsanuy ) e
Wity 30 °C wagdinisuanlatfiAudy 7 bar a1y ——

MU ManIsnanvzanad 14 % [9] Aelusideei

anufougadenduunldusyloudiioiudsednsam
Wifundleduletfanatly 14 % anugaydeguuuy e B,
v Y Y -

A9 M ANTUTENINNINEA DU 1@ NITOUINA 19U

Softener

AnuTeungaydetnduunlduselovilaiiieannis

goydeuavannislindsau [7]

AMUSOULYARTY (waste heat) 3aAINUSEUN

Feed Water Pump

gy deluniodulotn dludinsihnduinldfavddesns . iz
. R R ) AT 2 banagaiiAnAsdlalueeslussuy
gussenmrdamaliiinnansenusodindouuas iy
nsWangeRu [2] dsdunisiianuseuianduunlyln
(waste heat recovery boiler economize) WWuszuudl
lssnuannsaianuieunduinldiieiiugumvgiives
hdauliiunilosulewniietivannisididainasiunis

Hanlauuardian gaungiifivdefivaosdiuindeuas

'
=

winlgnalaluluwestisannisidiemasadts [11] 3

v
a o

dlaluluwesiay Annsedivdesniupmdadulouids

LLamﬁgﬂm‘w (2) uaz (3)

AN 3 wananisinaedlalulues

2. 7573% (Research Methodology)

msAneidunsinwiiteriudsyansamwe e
#ulothainnisldainudeudassiisluidesaiumn
wanasuainudeusuiniideulinsedulotilae
WisuiieunouLas N shnsanssaaniUdsuaa
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Soudlaluluwes Joyalesiuifnuwanainndedule
119ue 2.5 dusedilualagldidemndaiatllodey 3.USunaanusuveandanuloin
wian LPG waz vunnviavesdlalulueeseny 1,000 mm  4.USunaunshidomas

fvuadurigugnans 62 mm S1uau 64 vie NsiAY 5405104 CO, O,, SO,
Toyauay mumaumsﬂﬂwwawuamlamummumu 2.2 annutiesuleindinisansedlalulueesined
AN 4 mafiudeyadraluil

1. USuANSaURIN 9L dsUaegfiea1nUass

aasatouansedaloth ATuves wiessulouneunaznds Slaluluwes
Y v
uiaduza 2.gauniinneukasnas laluluwesuaz
YSunaunslaun

3.45unuenusuvemsenulaii
4.USuaunslaveInaa

- 1. %@Qadaumiam&”’qﬁiﬂiu 50304 CO, 92;502y
' TugeiTauazdudinen 6. guumgiiavlorisilou
1 2.3 FBmmeassagnsiufinteya
%u’umaumimamLLazmiﬁuﬁﬂi’J’a:ﬂau;u'ﬂaam“ﬂu
2. %@gaué’qmia@&"’aa‘[ﬂiu 24umausl
— lauwesTauaztuiinan 2.3 LumeunsnasLazTufinAneunIs
Famaalalulueed
l L0uiinAngaumgiiinwdeainUaesaiu

U
=

Tnggruaranmesluiiwesduningng 1 4alua

v

a o

e v de o 2 JuiinArauunniunneutdn Deaerator 1ag
ihdeyaiinuwayduiinin R

srurnmeslufinnostudingng 1 dalusuazerue
Usinuudnann Flow mete tufinyne 1 Falus

3 fufindranuduremiiaduletianina i
ussiulagsuAyneg 1 9alus

4. JuinAUSHIaNSIdamAala g8 1uAIR1n
(@ﬁﬂmamauasﬁqﬂwamﬁnm) Flow mete Juiinyng 1 Flaa

5.89297U3uuA1 CO, O,, SO,

IRV

Al 4 dumeumsineiiie A 1 a1
2.3.2 uppumsnnasuartuiindmdans
fnmeslalulues
2. Lanwntesulevdeuntsanseslelulugesingd 1 fufindrgungifudeddesiivanydos
msAudeyansialuil AtunounaznasdlaluluteeslnesruAiain

LUSinaaudeuvesinndefisnnudesniures  yeslufimesufinnng 1 $lus

niladulo 2. JuiinAgamgiitnneunagnasslaluluwes

2.qamfihiiidh Deaerator uazUBanamsléth lngauannmesluinmestuiingng 1 “iluwazeu
AU Flow mete Judinnng 1 43l
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3 Juitndanusuvemiiadulothainnadn
usssulngeuamne 1 $alus

4. JufinArUsunanstdideinadaegruaian
Flow mete Tufinyne 1 Halas

58579 In0unnAUSHNMAN CO, O, SO,
nn 1 49l

6 amvintufindntiomitodlodmnl dalus

3. Nan15398 (Results)
msanwidunsenwiteiuyssansnmees e
fulodlasudnnsifiugumugivesirtewdlid
qmmﬁgﬂ-ﬁﬂmmsLLamﬂ?iaummu%auswdnﬁwﬁu
anudouldesisainudesaunisiinseideyany
Wasuleuseninataunisindauas ndsnisandeslaly
luigoslaousuiisvguugivesiifigedu
Ussavanmeemdieduleth uasnansusendangany
Fomdweamiiodlethuaznannmsaneilgrinisia

wartuiintoyadssialull

M13199 1 Jeyan1snsivinduiinAneulasnas
mMsanfedlaluluas

SIME uinnssy uaznsdanisgpamnssuogadsiu adsd 7 Usedd 2561
Qmugﬁﬂfwaaﬂ °C - 67.20
gauniimade °C 185 115
awstilleth bar 7.00 7.10
CcOo ppm 41.00 51.30
0, % 9.81 7.00
S0, % 0 0
auutiideen bar 2.30 1.90
aifavidieleni “C | 3570 | (3550
Usgdnsnm % 81.59 85.65

nMInTeinmuseansamudmilionulouiause
n3vaaeuld 378 (6]
Lsinenuseugardsesnannuaedinlagnis

a

A1 AsueulneanleAvioosndiaunaz gl
fine3ou
2. msindsinuanuseudiuazesn

3.M9vaunanuseu

AMSAIUINUTEENT AN N19AINNSBUYR NI e laln
aunsaauulaeadl [4]

UszavnSanweamialewn = anuseululathiingnle

anusauludands

AMsmAUsEansAmvessiasulatn [10]

Np=Qs *hgg-hfg

Joyanis WU | US| WaINg
AIIVIA ms¥n | Andesla | FAndeala
Tuluwes | Wluwes

Usinasihioudn Kg/h 1,100 1,450
Usinallevhiinasle Kg/h 1,245 1,235
Usinauhilguls Kg/h - 215
Usuneunisly Kg/h 79.62 71.76
\Fouwas
rumpfitfoud °C 38.50 38.30
0!

[q* H V] * 100
Np - UsganSawmdesnuleun

Q.= U%mm"l,aﬁwﬁwémlﬁ(kg/h)
q = Uunaudeinasdild (SCF/h)
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HV = AT UYDIN T TTUYA
(Heating value; Kcal / SCF)
he 5= umatvedlethiinanldanusiolerh
(kcal/h of steam)
hf o= toumativesidildlumieleth
(kcal/kg of water)

ASAUIUMALTDINAINUSENEALS [5]

= (Useansanly - Uszansnimenn)
Usgansnwluy

4. aAUs18Ka (Discussion)
miﬁﬂmﬁﬂumﬁﬁﬂmmsLﬁuqmuqﬁmmﬁwﬁau
Houdmiiosuletlasnisuanidsurufousswing
ihifuanudoutdesfisannudesntuvesmsiedulo
rnudlelulineesdiguugiivesihiitouasunnuietion
Jusgfuguungivesninuieuiisainddosatuuay
gungfivesthiitdeutdrdsainnisnaassliguungd
38.3 °C uasilosuidivuvanidevesusyans e
quns 3] eamgindusndunsavesfinndetls
Boumaintu 54 °C Lileanaandsswesnisiinn s
nduindunsn  veafuidedlnidouvaigamyiiu
Joutdlaluluwesmsunnineumgiindusdunse
vosimdsTladsumaiuszanal 20 °C 4arorsvina
fferlidenadesfuruisoves Shadal Wasuuduaz
fledng fanszga nismvauguunithiewd lalul
wediitetostunsmainfamidenduda 80 1évinis
yanostmualigungiiididlaluluwesegd 70 °C
Faganirgamgiinduiadunsaiinainnisinlugide
54 °C MNNTNARDINUIQUNN TR ULBNUBIBLA
Tluwesiiquuniisngn 82 °C Fsgeningamaiinduin
JunsavesiedlnidemarainnsnlusiivinliAn
ﬂ’ﬁﬁ’mﬂiauﬁﬂﬁ?w,ﬁammmmsammiv‘hqmﬂﬁﬁwﬂau
Taanigaumpiindumineutiowt (8]

5. @gUna (Conclusion)

MUATe I IuNsAnEINSIinUsTANE A e ansle
fulovhaunn 2.5 dusedalus Tnensienanufeulses
feanUassafurnuaniddsuninudeusuiideoud
wiodlevlnenisldslaluluwesifuniawanaoy
AufeudnannnsitannsnasUnalac

1 san1sguinideudndiodulodhaimisniia
qmmﬁmaqﬁfwﬁﬂawﬁwmﬂ 38.30 °C \Ju 67.20°C

2 msanseslaluluwesivsavdotaiulaei
audeuiisnnUdesatuniguirdaudiioLia
Usvavsnmwemdeduletaiunseviliusyansam
vousadulovhifiuann 81.59 % Hu 85.65 %

3. audeuvesfindeiivaesniuldesfisnounis
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Optimized Conditions of Removing Acid Gas from Natural Gas by
Diethanolamine (DEA) using Aspen HYSYS V.9
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*Department of Chemical Engineering, Faculty of engineering, Thammasat University
99 moo 18 Pahonyotin road, Klong Nueng, Klong Luang, Patumtani 12120, Thailand

*Email: btanit@engr.tu.ac.th

Abstract

The purpose of this research is to optimize the conditions of the acid gas removal from the natural
gas in order to minimize the acid gas composition in the natural gas by chemical absorption using
diethanolamine (DEA) solution as a scrubbing agent. This study indicates.a. thoroughly, particularized
process diagram for the final production of the sweet gas. The two feedstocks; which are the sour gas and
the lean DEA solution, are precisely simulated through the Aspen HYSYS version 9 program. The required
unit operations in the process consist of absorber, heat exchangers, distillation column as a desorber,
mixer, cooler, gas/liquid separator and pumps. The lean DEA volume flow and concentration of DEA are
varied to observe the CO, and H,S composition in the sweet gas. The results indicated that the optimum
liquid volume flow of lean DEA and mass fraction of DEA-are 38 m’/h and 0.26 respectively. Therefore, the
optimal conditions of this research minimized the CO,and H,S composition performance 0.002630 %mole
and 0.001446 ppm respectively. In addition, this-research could better minimize the CO, and H,S
composition 74.4% and 99.1% respectively comparing to the referenced research.

Keywords: Natural gas; CO,; H,S; Diethanolamine (DEA); Aspen HYSYS; Acid gas removal
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1. Introduction

Most of the combustion has been come from
fossil  fuel in transportation, industrial plant,
electrical production and household activities.
Typically, the fossil fuels in this era are the main
resource for energy utilization. Considering the
the

transportation, it is significant factors for now. The

utilization of fuels in industry  and
greenhouse effect can be reduced by using natural
gas as a fuel. The composition of natural gas
stream is regulated in order to achieve suitable
conditions to be used or transported. These
restrictions depend on each country as they have
different treatment sectors to accomplish the
clean natural gas stream. However, the natural gas
which regarded a proper fuel rather than oil and
coal which caused more CO, emission 25-30% and
40-45% respectively have composed of acid gas
including CO, and H,S [1]. One of the methods to
get rid of those acid gases is the gas sweetening
the

economical method to remove the acid\gases in

process, which is most common. and
the natural gas by the amine solutions(2].

The aim of this research is to minimize the
acid gas composition in natural gas using DEA
solution. The process is simulated through the
Aspen HYSYS V.9 simulation to find the optimum
operating condition for the actual CO, and H,S
absorption. The research also includes the optimal
by hand

calculation to verify the result in Aspen HYSYS as

design of the sweetening process

well.

62

2. Research Methodology
2.1 The process verification

Initially, it is necessary to study the gas
sweetening process in the referenced research [3]
before conducting the simulated process,-making
sure that the simulated process is proved-by the
referenced research to ensure that'it Jis a valid
model before analyzing the result. The process is
“the verification” which is comparing the results
between referenced research” and the simulated
process. The research, will verify the model by
comparing the mass\flow rate of sour gas, mass
flow rate of the.product and mass fraction in each

component of the product.

2.2 The simulated process

After achieving the verification and ensured
that it is reliable to analyze the results, the
simulated process conducted by using Aspen
HYSYS V.9 in order to minimize the CO, and H,S
composition by varying the lean DEA volume flow
and mass fraction of DEA.
in  this

research showed in Figure 2.1. Whereas the data of

The following simulated process
natural gas, composition of sour gas stream and
also data of the block units for the simulated
process are showed in Section 2.2.1 (in Table 2.1,
2.2 and 2.3)
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Figure 2.1 The simulated process of acid gas removal from the

natural gas by DEA using Aspen HYSYS V.9

2.2.1 The data of the simulated process [4]

The simulated process has significant data as

shown in Table 2.1, 2.2 and 2.3 respectively Table 2.3 The data of block units

Table 2.1 The data of the natural gas Absorber Temperature (°C) | 30
p kP 6688/6895
Feed gas Temperature | Pressure Molar flow ressure (kPa) /
Number of 15
rate
t.
Sour gas 30 °C 6895 kPa | 200 kmol/h >a8e
Lean DEA 10
volume flow
(m’/h)
Table 2.2 Composition of the sour gas stream Heat Exchanger | Pressure drop 68.95
(kPa)
H Exch i E
Sour gas composition Mole fraction eat Exchanger simple End
model Point
N, 0.0016
o, 0.0413 (DDesoLrLber Temperature (°C) | 45/120
istillation P p 125/137
H,S 00172 . ressure (kPa) 5/13
column
c1 0.8692 Number of 18
stages
Cc2 0.0393
Reflux ratio 0.5
c3 0.0093
. Duty (kJ/h) 9.00e+006
iC4 0.0026
Vapor flowrate 11.00
nCa4 0.0029
(kgmole/h)
iC5 0.0014
Condenser/ 45/120
nC5 0.0012
6 0.0018 Reboiler
n - temperature (°C)
nC7 0.0122

63



MUTERININMILaEIEUOHNANUNN AN
9 1Y) oA & = o =
WIANTIU LAEN1TIANITYAEINNTTUOE WU AT 7 Useand 2561

awels Bl

THE FEDERATION OF THAI INDUSTRIES SIME

WATER AND ENVIRONMENT INSTITUTE FOR SUSTAINABILITY

2.3 The optimal conditions of gas sweetening by
DEA

2.3.1 Recheck the verification of the referenced
research and the simulated process by hand
calculation in order to compare to their results.
The optimal conditions are required to calculate
the block units in following steps which consists of
DEA circulation rate (compared to referenced
research) and heat of reaction to determine the
rich amine temperature (compared to the
simulation)

2.3.2 After the recheck method, it is to consider
the simulated process which varied the lean DEA
volume flow 10-41 m’/h to see the its effect and
determine the optimal lean DEA volume flow.
2.3.3 After getting the optimal lean DEA volume
flow, DEA mass fraction is varied from 0.25-0.35 to
see its effect and determine the optimal DEA mass
fraction in order to minimize the composition of
CO, and H,S.

2.3.4 The optimal parameters included lean DEA
volume flow and DEA mass fraction in the process
are obtained in the results and conclusions are

made.

3. Results
3.1 The process verification

The simulated. process was proved by the
referenced research™to ensure that it is valid
before analyzing the results. This methodology is
called “verification” which is done by comparing
research with the

the results of referenced

simulated process. The  verification  of  this
simulated process is done by comparing the mass
flow rate of sour gas, mass flow rate of the

product and mass fraction in each

product component. The sour gas from the
simulated process compares well with the one
from referenced research, since the mass flow rate
of both sour gas are 3973.94 kg/h and 3772.61 kg/h
respectively. The percentage difference is 5.34%,

which is showed in Figure 3.1 below.

5000
4000
3000

2000

Mass Flow (kg/h)

1000

Referenced research
[ Referenced research

Simulated process
[ Simulated process

The mass flow of the product as sweet gas

Figure 3.1 Comparison the mass flow rate of sour gas

between referenced research and simulated process

comparison between the referenced research and
the simulated process is showed in Figure 3.2. The
mass flow of the product from the reference
research to the simulated process 3257.63 kg/h
and 3184.51 kg/h respectively. The percentage
difference is 2.24%.

4000
3000
2000

1000

Mass Flow (kg/h)

Referenced research Simulated process

[0 Referenced research Simulated process

Figure 3.2 Comparison of mass flow rate of the
product (sweet gas) between referenced research

and simulated process
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The comparison also considered the mass
fraction of the main components of the product
which are C; (methane), CO, and H,S. The main
component is methane in the sweet gas and the
CO, and H,S. The

comparison between the referenced research and

minor components  are
the simulated process is illustrated in Figure 3.3.

The percentage error is very small closed to 0%.

0.8
0.6
04
0.2
0 e —_
) 2 >\ ) > Vv ol
& & &Q@ & s° o ¥
& & S o o
RO AN N N
o o & &

% Referenced research Ml Simulated process
Figure 3.3 Comparison the mass fraction of each

main component in the product

The additional verification is t0 calculate
by hand calculation compared to the referenced
research. The lean DEA volume flow is varied from
10 m’/h to 40 m’/h where@s-the initial volume
flow of lean DEA is 10 ra /h compared to the hand
calculation, which.is 9.24 m’/h. The percentage
difference is 7.4%. Therefore, from the process
verification, results, simulated process is reliable
and can be‘used to find the optimal conditions in
order_to.minimize the composition of CO, and H,S

in.the sweet gas.
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4. Discussion
4.1 The effect of lean DEA volume flow to the
sweet gas

After the verification, the model is used to
analyze the effect of the lean DEA liquid flow on
H,S and CO, composition in the sweet gas. The
DEA flow is varied from 10 m’/h to 41 m/h. The
results are showed in Figure 4.1. From the-results
of varying the lean DEA liquid volume flow, the
sweet gas H,S composition sharply. decreases at
initial 10 m’/h DEA flow rate up.to approximately
13 m’/h. Then, the H,S composition gradually
decreaes with
constant at the DEA flow of 30 m’/h. The optimal

lean DEA volume flow is 38 mS/h.

increasing/DEA flow to nearly

to H,S and CO, composition in the sweet gas
4.2 The effect of DEA mass fraction to the
sweet gas
After lean DEA
volume flow of 38 mS/h, the DEA mass fraction is
varied from 25 %weight to 35 %weight and the H,S

and CO, compositions in the sweet gas are

obtaining the optimum

analyzed to find the effect of concentration of DEA
solution on CO, and H,S composition. It is showed
on Figure 4.2. From the obtained results, the
optimal DEA concentration in this research is

26 %weight. It gives
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the lowest composition of CO, and H,S compared
with the other DEA mass fractions.

In addition, the simulation is rechecked by
considering the rich amine temperature from the
absorber, which is 42.07°C in Aspen HYSYS. To
ensure result the reliability, a hand calculation is
done to compare the rich amine temperature with
the simulation. By hand calculation method, rich
DEA temperature is 38.2 C. The percentage error is
9.2%.

0.003

00025
0.002
00015
0.001
0.0005
0

27 28 29 30 3l 32 3 0 35

DEA mass % weight

omposition of CO2 and H2S

Sweet gas c:

W Sweet gas - CO2 Composition(mole %) W Sweet gas - H2S Composition(ppm)

diiya mpd COMPOSILION I e sweel 8das

The amounts of absorbed acid .gases are
proportional to the DEA flow rate:(When the
volume flow is increased, more acid gases are
absorbed. The mass fraction ©f DEA does not
affect both the composition of-CO, and H,S much.
The least CO, and H,S'in-the sweet gas occur at
mass fraction of 0.26-.DEA so, the lower mass
fraction will save costs’in the operation process.

As in Figure 4.4 and 4.5, the
simulation the modification the
compositions of CO, and H,S as 0.002630 %mole
and 0.001446 ppm. respectively.

showed

after give
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However, the referenced research indicated
CO, and H,S gas
0.01028 %mole and 0.1596 ppm. Obviously, this

simulated process give better result than the

contents in  sweet of

referenced research.

CO, composition (%mole)

0.015
0.01

0.005

1

Referenced research The simulated process

B Referenced research O The simulated process

Figure 4.3 Comparison of the modification
simulation and the referenced research involving

the CO, composition

H,S composition (ppm)

0.2

0.1

Referenced research
[ Referenced research

The simulated process
B The simulated process

Figure 4.4 Comparison of the modification simulation
and the referenced research involving the H,S

composition
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5. Conclusion
This the

research with the simulated process by verified the

research compares referenced
mass flow rate of sour gas, the mass flow rate of
the product and mass fraction of each main
component in the product. The results show that
the percentage difference does not exceed 6% so
it ensures that the simulated process is reliable
and can be applied to find optimal conditions. The
simulated process varies the volume flow of lean
DEA between 10 m’/h to 41 m’/h in order to
minimize H,S and CO, composition. It found that
the optimal conditions for the volume flow of lean
DEA in the process is 38 m3/h. Then, the simulated
process the DEA
25 %weight to 35 %weight to find the effect of
DEA concentration on absorption. The optimal
mass fraction of DEA obtained is 26 %weight. The
simulated process after the modification can
by
operating at the optimal conditions for the sweet
gas which defined the CO, 0.002630 %mole -and
H,S 0.001446 ppm. In addition, this .simulated
process could better minimize the CO,“and H,S
74.4% and 99.1%

comparing to the referenced research.

varies concentration from

minimize the CO, and H,S composition,

composition respectively

This study focuses on'_the sweetening gas
process by DEA, which'is-regarded as one of the
best solvent amines.to.remove the acid gas from
the sour gas, However, there are some other
amines that ‘can.treat the sour gas as well for
instance MEA and MDEA. Another study could
investigate the suitable range of mass fraction of
these_amines to see the effect of them to the
composition of the acid gases CO, and H,S in the

sweet gas.

Another factor is absorber stages, which could
be also investigated to see the effect of absorber
stages on the acid gases compositions in the sweet

gas.
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Abstract

The purpose of this research was to improve the High Density Polyethylene plastic
bottles process by analyzing with Lean Techniques. After studying the production before
improvement, we found that there were 3 main stages of production and further divided into
13 steps with 8 workers. The cycle time was 5.00 seconds/pc with capacity 6,480 pieces/ 9
hours. The analysis of the production process found that the plastic mixing station had low
cycle time. Therefore, the first main stage of preparing raw materials had been moved to
operate at the end of each working day. At the 6" station, cutting bottle fins, it had the high
cycle time leading to could not meet the target. It is suggested to add automatic machines for
worker replacement. Furthermore, at the 12th station, packing process, it also had.a.high-cycle
time leading to delay work. Moving workers from the previous station had been_proposed.
After improving process, the workers can be reduced to 3 people. It can solve the waiting time
of the production. The capacity has been increased from 6,480 pieces/~9 hours to 8,100
pieces/ 9 hours which increased by 25%. The cycle time has been reduced from 5.00 seconds/

pc to 4.00 seconds/ pc which reduced by 20%.

Keyword : High Density Polyethylene Plastic Bottle Plant, Productivity Improvement, Lean
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Development of Frozen Tuna Thawing Technique Using High Voltage

Electrostatic Technology
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Abstract

Use of static electricity from high.voltage. It is a technique to control tuna temperature from -18°C
to 1-2 °C all together. Before.the cooking process and when cooked to the temperature 60°C.
Appear tuna have a'little” burn skin. Then, when entering the tuna de-skinning process. By
separating the heads, skin and bone from the body. Leave only meat and blood tuna. Appear the
amount of tunalmeat accounted for 45 %. The amount of tuna blood accounted for 5 %.
Compared-to.the original method the temperature in the backbone and tuna skin are different.
The temperature is 2°C to 12°C. When cooking tuna, the skin tuna has burned, and Couse loss of
tuna meat at burn skin. Only tuna meat 42 % and Dried tuna fillets. The amount of blood tuna is
only 3 %. Concluding that the process of tuna thawing using Static electricity from high voltage, can
produce higher yields.

Keywords: Quality; Tuna Thawing; Electricity Technology; Temperature
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f_?_] 1. negative electron generater,
2. freezer,
3. conductive part,
4. insulating part,
5. frozen food,
14} %] 6. thawing chamber.
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2. 75798 (Research Methodology)
Anwinszuiunisaratedauiududsiulagiuues
Tsauiviinsfine Tngwiavardifinstunazaieiite
Whglaundnfe Yainurateiugviesuau (Skipjack)
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3. WaN13398 (Results)
ANLANA19TERIUnYdLAuNaIIiIUaLaE
AUNYNHY MU LAAANNLANASTENINIgUNYHTeY
i 2 Fnsazans
nsazanelasudluteth PUNHHLAUNAIMTIALANY
WRAveLT -1.6 ewnwaldua ouvgiinuedegil 11.6
srnialTua Jeinetu 12 samiwaldea
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2.0 ssniwailea gumgliiaeaedil 1.7 swniwaiioa
Fainau 3.7 ssrwaidoa

AMULANANIMEITS : nuin nsazanelagldin
annUandsdeifinlng wilsaaen waziause dauns
azarelpeldlafinadn anmdaimdsiis vinnasling
dntesdiiavan fdanaaentiosnin wazialuiuienn

a7 anndanfiazaelagldlnihainudayeamia

mmLmﬂ@hq%aaﬁi’wmmﬁaﬂm 739 %Yield : WU
Uamﬂ’nw'u%aﬁazmaimaLLsﬂuﬂaﬁw K1UNTEUIUNIST
Wvis adnld de yandls unzing yaudenudn Tidmoy
Uan 6376 Alandy lés1uiuiievanindu 2,703
Alansu Andu 42.40 Wasidus

LLazUammLLﬂiLLsﬁaﬁi’mu 6,487 Alansyu vasazany
Tagldlwilhadn iunszuaunseinvios adnld s ya
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wifs ungine gaidenuds I unudiouariomun 2,934
Alansu wiriu 45.23 Wasidud

ANUUANFANSYRITILILEGDAYAT : WUl FIuduLden
Janhmueildannuaiyuiududsiiiiunsazarsuuy
wiluvetiuads 3.82 % uarsiuudeauafiamuniils
MnnUayutudsitiiumsazansuuuldlninadn Ao
332.8 Alansu Anudu 5.13 %

msvnaesviviavsn 3 A%t wansaaeaguUléiy

a9t 1 agusuauilovauazidentavasnis
azaguuuldlniatin

i

s $woutany | Swwde | %vield | duuden %
naaed | dududs Jan(ifu) dan(iu) \Hon
i (Fw)
1 6.487 2.934 45.23 0.333 5.13
2 5.642 2.557 4532 0.314 5.48
3 6.148 2.741 44.58 0.337 5.12

4. aAus1eKa (Discussion)
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Uarpuutudsiiiiunisazaisvanlagldlniiain o
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vesUamumdtazatevionounsisiataue
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Il azanelvifafinaed 1

= azaelilihafinedsd 2

& azanelilihafinessd 3

Lﬁaﬂa 1 (Yield)

Al 8 MUUANAIUDS % Yield Uamuaugids
sywiesnsazanouuuldtuarnisazaiubuld i
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ANLANANIUDIT1UIULROAUAT KT8 %LAon
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dasdudesdan (%)

4 azandlvifhafina el 1

= azaelilihadinedsd 2

[ I R L =

& azanelilihafinedsd 3
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AT 9 ANULANFIVBY % LERAUANUILTIUTS
senIanisaranswuuliikarn1sazaekuu Tyl
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5. d@3Una (Conclusion)
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NANSENUVINIS AAIIUSUNAINISTBUTASNSTUAT NIV BULESANIULUUNIU
AaAnENURANIINAYasaglitieunTn A356 NU AA6061
Effect of post weld heat treatment by friction stir welding

on mechanical properties grade A356 and AA6061 aluminum alloy joints

Iunua qeduny’
" anvidvimaluladimnssunisudn
ANzgnavnssulazmalulad wninedewmalulagsvusaasaulnduns
FaninUseIuAITus 77110

jinkamon.lui@rmutr.ac.th, jinkamon_mate01@hotmail.com

uNAnga

Al fnguszasdiflednuinansznureanisliaufeundmindenlasnisddinadendsaniuwuuniude
AuaudAn1anavesegilileninsn A356 fiu AAG061 SnualiuauMAaealiTIn 75 x 230 x 4 Tadung ¥hins
\Feufuadnindeauuuiinden vnaduinugudnaisweatn 18 Sadwns sumduihugudnasesadninds vy
10 6 fiadluns adnindensn 3.6 adluns AuLSIseUYeadnINdEIAvLAR 1000 seUsELNT AN AWToN
Immaaﬁi 80 findiunsoundt Tunusunsy mumimqmm%’auauauma‘uaﬂLlfﬁa (Solution Heat Treatment)
figaumgil 540 psriwaiTea an 12 2l waveutuiiey (Artificial Aging) wammu 157 aamwaLea 13an 4, 8,
12, 16, waw 20 Flus wamsvaRomUIIAIANLTNeABUT MR TINauUATeY (52) westusudilaildkiy
nIEUIUMINIIANNTOU UavauULTiey 1ian 4, 8, 12, 16, Lax 20 931w fin 86.88 HV, 107.34 HVY, 120.64 HY,
125.12 HV, 121.72 HV u8£123.99 HV audau

AdAy (Key word): nsiwesndeamutuuniy ; egiliies ; mnufeundnisivey

Abstract

The objective of this research“was to study the effect of post weld heat treatment with friction stir
welding on mechanical properties of grade A356 and AA6061 aluminum alloy joints. The experiment used
workpieces with dimension of 75 x 230 x 4 mm. They were welded with thread probe which have 6 mm.
diameter, 3.6-mm. length and 18 mm. diameter shoulder. The experiment rotational speed is constant at
1000 RPM“and welding speed is 80 mm/min. The workpieces were undergone heat treatment by solution
heat treatment, the solution heat treatment process at 540 degree Celsius for 12 hours. After that, they
artificially aged at 157 degree Celsius again for 4, 8, 12, 16 and 20 hours. The experiment found that  the
average hardness at stir zone, had 86.88 HV, 107.34 HV, 120.64 HV, 125.12 HV, 121.72 HV and 123. 99 HV
respectively.

Key word: friction stir welding ; aluminum ; post weld heat treatment

1. unin USENEHARTO U syunSidon U BMW,  Audi,

J9gtugaamnssudnsimuImeiiuszuunis  Ferari, Mercedes Benz Wag Land Rover Saniildsin
waRlvTinuTuasiaLiieliauMTinun mgeodwiailes  Tassadrssaeusidning Uszneuluse egfidlew (A)
Tngamzlugramnssundedudiueiusud Tasamwz  way dnndaruudausegs (Hss) Wundn egdifleud
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Idvidnuszneusasudnazuiadu sglideuudu 1nse
6xx ogiifiourunszuIuMISAluatugy insn 6xxx
uaz egiifloamae tnsa 3xx WuimsuAuAegliden
LNIANUNAD LYU AL-Si-Mg (A356) wag AL-Si-Cu (A319)
fanuannsalunundedia aunsondetunuiiin
Fudouldgs lutuduusudiiimadousotusening
Fudau 2 viafianududougeiuiuduifidnuony
Duwdulaeiiunistusudsusimenatiuisiiaaig
dndulunszuauniswan (eAausienisian
(Material Breakdown) #auanslunmi 1 Tnednlng
Faniiltvilassairmdnueasnoud \wu egiilendisinu
nsguIumstugulnenavde (Casting Process) Wwaw
ﬂixmumiﬁﬂlﬂaﬁugﬂ (Extrusion Process) [1] 14vi
dhulsznouFudiusasudsuauann felunseuiunis
TunsduBaderevestudiuusasiuiinudiy S19ds
nszvaunstunsdvdadenaaingiudeya deandly
Al 2

316M37@q (Material Breakdown): Land Rover 376M3789 (Material Breakdown): Audi

[l Al sheet 6xxx

[C] Alsheet S
W Alcasting

I Sheet aluminium
B Extrusions
@R Node castings

@ Alextrusion
[ HSS steel
W PHS steel

by mass

by weight

a ) 9 v o 1 I
i 1 emsiagiliindiuusenausagud
Land Rover wag Audi [1]

Mnanmgnsudstuiisuussnntulugnamn sy
gusudt yhligramnssilsiiznouuastudanulés
NansENy eludumanaf A LA fosmene sy
nsanduyuas Insfisunudiunianainnszuiunis
FonTudulnssadissnoud [2] Jagtuiinssurunis
WoudeanIuLuUNIL @11190%28anFUNUIIN
nszuUNIAALS Fansrurumadendeaniunuuniu
(Friction Stir Welding; FSW) 1unsideulanegluante
Yp9uTa (Solid State Welding) fifndulaganitunis
L‘?}auﬁaﬂqw (The Welding Institute; TWI) LﬁaL%aui’a@
fsndeninidensionszuiunadesnuuvasuund
i ealvilew s
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Joining technique Number of
joints or
length of
seal

Resistance spot welds 135

MIG welding 59.8 m

Friction stir welding 8.1m

Adhesive bonding 76.2m

Self-piercing rivets 1235

Clinch spots 213

Screws (incl. self-threading 152

screws)

Tacks (ImpAcT) 14

AN 2 wansAdansTudntasiasngus

(Sourec: Mercedes-Benz) [1]

Mnmadenluriemeasdofunsdeondngy e
Aeuinnsuszgndlinisidesdnandenldiuedis
univarslutudineniideiu Tassadaeiesdu uas
drudsznaulvugs dnuidenaznisussendldnis
Feudeavnuluuniu (Friction Stir Welding: FSW) Tu
ns\denaafiiion A356 (3] lauandlviiiuin s
sou MuSINsAuTen fuadeaudinanavessos
\Fou aonndeaiuiu (SSM) 356-T6 Lay AAG061-T651
[a] auitulFiraansalunsmuiiniuiigedu
dmansznuternuiunuLsigety WeiSsuidioy
fumndalunsuguianiug Sawudn (SSM) 356 [5]
Tuan1znislinnufoundsnisidon (T6) dawase
autnianageiunariaseadiagania esannlans
InenuinauuaieuiienuasiBeaniidolanziy (6]

wegelsfinun1sideuldeaniuuuuniuves
ogfiflousinniinty @fdunaumanaiiinaiy) fldan
NSTUILNINED 1NTA A356 LTesdunmuuuusevuiv
ogfiluainsn AAG061 TikunssLIBTUTURBLIIM
na (Wrought  Aluminium)  taglitianluniseuus
uanesundininden fsrideussinidaisiun
Wepuntun1svinidy

Mndeyauazinauadinandfuiauiiuives
1599398 Anwnansznuvesnisiiauioundinig
FoulnonsauAtmadendsanunuumusonnaudi
yanavesagiifivande A356 fu ogfideniitugude
L3IV9Na AA6061 Taefnwdeaanlun1souuumnaans
ou Aifinasionsandiniana Snitslueunanenaaziii
Han1snAaewUTulTavysvendldlivungauiv
nszulunsiieuvesegiifoudiiiunisndenas
aqﬁl,ﬁﬂmﬁ%ugﬂﬁammmaﬂa (Wrought  Aluminium)
Tugmanmnssueueud Iadudesiivhmededimnsuas
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2. FBn1sneass

2.1 nMsidauideaniunuuny
vnsienvuegiitiounaningn A356 was

AAG061 FULUUNITIA9TUIIULARIF AW 3

fvualiiununaaesiivuIn 75 x 230 x 4 dadins

Tnerunnnesansiunreruiuuasdauiuuugunsal

(Fixture) ﬁgﬂamﬁnumwium%"aqﬁ’mLme?T’n Fanwdl 4

v v
av Aa o o

meldanAdeiiinsvaaesdidiuin 2 AY NguTua

v

WU 12 Tu

Mnininiy

AN 4 AL ATDUFLANIULUUNIULAZNTIVER

2.1.1 fimugunssnszuemhannmannduadesiieay
$ou-SKD61 vimsidensasadnindeanuuiunien
PMFURLAUINA19YRNT 18 dadiuns vunaLdu
Audnaavesadnindeivyule 6 Tadiuns adninded
611 3.6 faduing ilesnadnviaindeiilflunaiden
tudsuasiesenifoufiauysaiinniian (7], [10]

2.1.2 anuiiiseuvesadnindearimund 1000 seusie
wil aAnmFududoulnevaassd 80 fadwnsdound
sz hdmarenuantAinnaiflunsdedenn
LLUUmua?m%“uagﬁ@awdaﬁ’uaqﬁLﬁaumumiﬁugﬂ
NN [8]
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2.1.3 Buayureaniosdenldlunisi¥on 3 aemm
wiszandunsussendionasesinuunundunios
WouHLANIULUUNIY

2.2 n55uAIMIANNTauLazNsIAdaUaNURALTNG
22199015799 1 nszuaunInieandeu T6
Usznousieduneusuaratsvaeuds (Solution Heat
ﬁqmmﬁ 540 89AYaLTYd L1287 12
lus wavouduiieu (Artificial Aging) #i 157 93¢
walod 1nan 4, 8, 12, 16, war 20 ¥alus wdsaanuly
Funudusiluennie

Treatment)

15197 1 Weulun1svneans

auUavaneueLly aUUNLTBY
Fuau - -
Fou 9Nl m 9Nl K
(9397 @) (2397 ]t
LaLdYE) REEER)
1 non non non non
2 540 12 157 q
3 540 12 157 8
4 540 12 157 12
5 540 12 157 16
6 540 12 157 20
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2.2.2 Mms¥amanuniwsTausnanindauunion ds
f\]w‘hmii’mﬁisé’ummqﬁdﬂmwaqm’]wm lngay
Snoonlunisdiudisnasd1usie Ll ousay
Wanue 19 30 lulsazynlsilsesuvrinasendnega 1
fiadwns wssildlunisvmedau 100 ndu wazailunis
N 10 U9 919899UNTFIU ASTM E18

3. NANINAABILAZILATIZUNANITNAADY
3.1 HANTSATIVADULUILYOUR UM

AUNNIBY

= 1% -
AN 5 Iﬂiﬂaiwmﬂﬂmﬂ‘ﬂaum’s LUDd
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levhnsideudesmuuuuniuegiiounanse
A356 iU AA6061 FIBAULTMYUTINIU 1000 F8UAB
ui eudududon 80 fadunsdeund leaunuyy
3 931 RTANNMARYINTELLTON NUTTOLITENS]
munndesUinmsesseseaudoutulansuils
Ar6061 dauanslunind 5 anduindunudesluey
avaneveudefigungdl 540 asmiwalda anntuouty
L‘ﬁwﬁqmmﬁ 157 aefwwalded vian 4, 8, 12, 16,
uaz 20 Faluaudn Teviinnsfiansanuuaideniinnis
Wasuwdasuanssiu Taevnsfiansanuuadouse
e Tunwdl 6 (a) wuindnuaizvesiafuULYeILL
FouneusvazasvesdsiidnvazFou avenn lnod
Uhamuadondiinunszuaunsmeanaou fnm 6
(b, ¢, d, e, f) WiAn1suNeIRAIerIBINIALARLUI
\Feuils AAG061 LpsnmsiAanisuani1nannisniy
fsnamuaden fufunsevaransvesudsiigumgias
ilivTnanianisuaninderniatladiegniglauug
FouAnnisdudaliRauundeunmwesesninueniun
\Fou aonndesiuaLide Naktewan J. [9]

AW 6 MdunuRauLEET Loy
(a) flouevazasvawds (b)Y Mdseuulo 4 Flus
() ndsouULiEar8 dhlus (d) naseutuiion 12
sl (e) ndsaUvaion 16 Falus () wdsoutuTioy

20 Hlug

3.2 wan1snsavdaulaseEinegania
Iﬂiafﬁwﬁ;amﬂ“??umuwmaawé’amuﬂszmumi
guUUNTINGT 4, 8, 12, 16 way 20 $7lus uanslunnd 7
(a, d, g Jj, waz m) Aelavenauegiiiluuinin A356
lassainaganiaUsenaumeagaindaneu Lasing
Mg,Si Lﬁaﬁmimé’mﬂmxLLazgﬂi'qudfl natluniseu
Unitunnsatuiiy denasednunzuasguitesagm
AfRndanautessnn i 7 (b uaz e ) wansusaiil
A13NIU (S2) narluniseuls 4 wag 8 Falua
Usznoufomaddaeuiifvuiadn dnsnszaresiey

MUTERININMILaEIEUOHNANUNN AN

WINNTTU WATNITINNTANANMNTIUOE9E38U ATSN 7 YsednU 2561

86

yalu @onanlunisoutugetu 12, 16 waw 20 2l
wuazAnnssmivea Me,Si tintululasadne
801 Fauandlunind 7 (h, k uaz n) uenanidy
wuhiinarluniseuty 20 Halus Snnsvesudavenia
OL-AL(Mn,Fe).Si, 1ufisnusiu tAntu Wunauain
USinasiguusmianiiuiinageanils AA6061 gnnau
Wanwautu 0 i 7 (c, f, i, | way o) Aelaviznay
pillfloansn AA6061 TassasnsganinUsenaumelild
Mg,Si  way FeAl, Lﬁaﬁmsmé’ﬂwmzLLangs"mwuﬁw
natluniseuduiinanansiuiy dwadodhenizuay
sUIvBUNA Mg,Si donanlunisauvslfisnnndusia
Me,Si Suwaliiufiazifansrudaiuazveeslng iy

AA 6061

A 7 1A39a5199807A (3, b, ¢ HIUNITOULY 4
$lug) (d, e, f: Hunsouly 8 H7lua) (g, h, it H1UNIT
guUUN 12 4Ta9) (, k, L {uNISOULY 16 dlug)
(m, n, o: KuN1TEUYL 20 F2la9)



BDBWEIS

THE FEDERATION OF THAI INDUSTRIES
WATER AND ENVIRONMENT INSTITUTE FOR SUSTAINABILITY

AW

SIME

MUTERININMILaEIEUOHNANUNN AN

3.3 NANISNAABUAMNKTIUS AU Tau

INNIINABIAULTIUS AU TN FAses
nadaunuwdslalasinnes Aldusena 100 N3 1an
Tunisna 10 3unft sauanslunnit 8 wuindunuilyl
NUNSEUIUAINIAILSeuaE A LT s duity
elansiiunarusnsesdenusnadiinisniu (52)
dlowSeuiiisuRuiusuRunsTUILNISNIeAL e
76 Tuyndregumgilunismaass ean1nzmaniiy
Soudunidnuiededunszurunisidon iewnan
NSTUIUNINIANUTDUTBNSNasauTAnIsnalua1y
ANLLDe hldnsazanefvedng Me,Si wnsndudng
Hoagfiflenldd viliausadiuiarunddldiz) e
Funurunszuwsreieu T6 tanluniseuty 4
s azfieanuudehmaduiuegiideuuaruiiom
3am%amﬁagﬂm§amﬁau NNYQUNNN 8, 12, 16
way 20 $alus ilesannandildluniseuvuiiudsaal
AanalnnisanndandivialiAnma Me,si  luauysol
peslsfinny Wlonailuniseudud 8, 12, 16 uaz20
dlus dawaserinuudsivwaldulndidesiu uazan
mwmﬁuﬁwﬁaﬂwﬁﬁaﬁﬁm lpamnnTUUTRALL
dowdanalnnisanranvaua Mg,Si N5$ALAIEN
asinawe ludefiuvenla o Fufinainaisunsves
avmaununidouuasdaneunnainaisazasdumal 1]
ﬁmaﬁﬂ,ﬁmmLL%WaﬂamLﬁugaﬁﬁu LAEIANIINNWUIN
AAnuudaaasusmnanLEes (52) Tusuliniy
ATEUIUNTNIANUSOUUTLNIN86.88 HV  LATHIU
AMTOULY 4 F7lue Uspanne107/3¢ HY suniseuty 8
Flus Uszanas 120680 HY  suniseuty 12 $alug
Uszanad 125.12 HY Waun1seuty 16 $alus Uszana
121.72 HV ‘dazdaanuuduadsusinanatswwiidon
(52) sunseuty 20 $alae Uszana 123.99 HY

anuuds (HV)
140 4

="l unsrummvaIINiau
-=—auun 4 1L

——auun 8 Ml

——auun 16 1w
—e—auun 20 1T

TMAZ TMAZ

|

I

|

|

I

I

I

| 4
| —avuni2ihln
|

|

|

|

I

!

|

3

.10 1 2

sruzvinuwadey (ua.)

WINNTIN UarN13INNTTENENNTTNRE Y ATIN 7 Usednd 2561

87

A 8 Aeaudsdununageunatly Mseut
URAAINAY

5. d@gUna
1 AszUIUMIIAINSouTe Mianlunisautuuansig
fudinaneainnuudsveswunioufiniunszuiunis
Feulneldusadonvuwuuniu
2 naluniseuvuimunzauegludiana 8 §2lug
mzAruSaedsusnaswdeniiuvwiliilndfies
futaanailunseuty 12, 16 uaz20 $alus
3 narlunseuviwiuiululddwaseandndede
vinunauuaden (52) Timnuudagandilangity
L3

6. NARNISNUTZNA
Nuifeillasunsatiuauusuyszanalun1siide
MNUMINLaEAlUlads1vuerasaulnduns duan

O
£
=1

W@ A-6/25593dd AsveveunsEAMIN 0 Tonail

7. 1ON@13587984

[1]-Edrepean Aluminium. Aluminium Automotive
Manual Version 2013© European Aluminium

(http:
aluminium.eu), (2013).

[2] Arularasu, S., & Jothilingam, A. (2012). Design
and Development of Low Cost Friction Stir
Welding
Conference on Advances
Science and Management (ICAESM -2012), 30-
31 March 2012, (pp. 305-311).

[3] Jayaraman, M., & Balasubramanian, V. “Effect of

Association. WWW. european-

Machine. |[EEE-International

in  Engineering,

process parameters on tensile strength of
friction stir welded cast A356 aluminium alloy
joints”, Transactions of Nonferrous Metals
Society of China , 23, 605-615, 2013.

[4] Tehyo M. et al, “Influence of friction stir
welding parameters on metallurgical and

of dissimilar

356-T6
aluminum alloys 6061-T651” Songklanakarin J.
Sci. Technol, 34 (4), 415-421, 2012.

[5] Boonchouytana W. et al., “Effect of Pre/Post
Heat Treatment on the Friction Stir Welded

SSM356

mechanical properties joint

between semi-solid metal and

Aluminum  Alloys”,  Procedia



THE FEDERATION OF THAI INDUSTRIES
WATER AND ENVIRONMENT INSTITUTE FOR SUSTAINABILITY

AWEIS &w\

SIME

Engineering, 32, 1139 - 1146, 2012.

[6] Boonchouytan W. et al,, “Influences of post-

weld Heat Treatment T6 of Friction Stir
Welding Aluminum Semi-Solid Metal 6061”
Engineering Journal of Siam University, 15(1),
23-37, 2014.

[7] Zhao Y. et al,, “The influence of pin geometry

on the bonding and mechanical properties in
friction stir weld 2014 Al alloy”, Materials
Letters, 59, 2948-2952, 2005.

[8] Ghosh M. et al,, “Optimization of friction stir

welding parameters for dissimilar aluminum
alloys” Materials and Design, 31(2010), 3033-
3037, 2010.

[9] Naktewan J., “Friction Stir Welding of Semi Solid

Cast 7075 Alloy”. A Thesis Submitted in
Partial Fulfillment of the Requirements for the
Degree of Master of Engineering in Materials
Engineering, Prince of Songkla University,
2012.

ILANGOVAN M., et al, “Effect of tool pin
profile ~on  microstructure and tensile
properties of friction stir welded dissimilar, AA
6061 & AA 5086 aluminium alloy rjeints”,
Defence Technology, 11, 174-184,-2015.

[11] Abdulwahab M. et al., “Effect of-multiple-step

thermal ageing treatment on the hardness
characteristics of A356.0type Al-Si-Mg Alloy”,
Materials and Design,-32,/1159-1166, 2011

MUTERININMILaEIEUOHNANUNN AN
9 1Y) oA & = o =
WIANTIN LAYNTINNTAENUNTINBYNEIBU AT 7 UszdU 2561

88



@W @ I S M ‘QO‘ MsUsEyIvINsLaglauaNanUNIImMNTIL

Y o ) I o o o
THE FEDERATION OF THAI INDUSTRIES SIME WIANTTU WATNITIANITYAFINNTINBYNYIYU AN 7 Jszanl 2561

WATER AND ENVIRONMENT INSTITUTE FOR SUSTAINABILITY

= o 1 [ a N ¢
ns@gulusunsuinuneainnusulavasasdunsdussian
uaudianlasladlaeds Group contribution

Vapor Pressure of Non-Electrolyte Organic Compound

Estimating Program By Group contribution Method

asn lwenaduana’, nMaga SAadAnAINT , ARWSY AT
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AMZIAINTIUAIENT UWNINYISUFTTUANAAS
99 vy] 18 m.Aaewila 0.AaBMAN 2.UNNETT 12120

csatok@engr.tu.ac.th

UNANED

ATedts Group  WisuiisunuusiugiuTUsinsAuInmes DORTMUND  DATA  BANK
SOFWARE & SEPARATION TECHNOLOGY (DDBST) &l438n15 Group contribution w84 Moller B uazane
yhuneauiule vesansduvddiianmgiivng o aisdunidnaulelnsasueu (3 as) asnguueanesod
(3 @19) NAUNIAAISUBNTAN (1 a19) nauBsas (17 a19) naueenled (2 @13) uazngueaises (2 @19)
AATILINAAIEAT Average Percentage Absolute Error (APAE) wan159iunenudn WUsKATuyugaA1nIu
suloldlndiAssiunanismaaes Tneile) APAE YosnindlowSeuifisudulusunsy DDBST snviulunguans
oonled flUsunsmhuneiiimunatrindeuginiiann wasnguansieaises Alusunsuvueidigeniy
lUswnsu DDBST

Abstract

This research used the Moller B ’s Group Contribution Method to estimate vapor pressure to compare the
DORTMUND DATA: BANK SOFWARE & SEPARATION TECHNOLOGY (DDBST), which is estimated by using the
same method. This research compares the experimental data and the estimated value by calculating
Average Percentage Absolute Error (APAE) of 6 types of non-electrolyte organic compound which include
3 "hydrocarbons, 3 alcohols, a carboxylic acid, a ether, 2 oxide and 2 ester. The result of comparison
showed that the estimating program is more accurate than DDBST excepted in the oxide substances that
the calculation is not accurate. Also in the ester, the calculation has APAE slightly higher than DDBST.

ARy (Key word): Vapor Pressure; Estimation; Group contribution; DDBST
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1. uni1 (Introduction)
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2. 35739 (Research Methodology)
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nselwihvesesnsdifnulénng 15w Tnetandrsnaniléatsdurmedu (Real time) lngluzas
WeuunsIAau-Sultau U 2560 Saesnnsdld@nurinisUdegaisuaunn
WsWYilwhU 4,783.5 Ton Co, eq warilUSunafhedeunszandeesiin (Room Night) winiu 4.2 Ton Co,
eq negvimsidglanasandoyaUsuumesisounsyanaanvesusaziu nuli Tugdieseninawnal 14.00
1-16.00 u. Wutaafsimsldndanuliifingean (Peak) vesiaesmnsdliny Insnslalaiidufanssud
reliAnUsInumsfiadounsyangeiign TuSunusuiady $1uam 42151 Ton Co, eqmisld LPG i
YSununisvaseingisounszanyindu 412.8 ton  Co2eq  antludndiuiosay 88.12% way 8.63%
pruddy e rUIsuifisuduynianssuiiAintuluosdns Taed ivuauuianig
Usaufgiieunszananmslindanushonisaanislaliin 10% Ssuumnadananazaansaannisuaes
AaSounsyaniiinléd 421.52 Ton Co, eq sielivie annsaannsUaesfneieunszaniadese 1 weinld
luySunal 0.4 Ton Co, eq 8 Room night

ANFIATY: “ANTUBUIANTUVIVDIBIANS” “AsuBunanIwivedlswsy” “nsUaseiwisounssanvetasen”
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Abstract

This research aims to study the amount of greenhouse gas emissions and the ways to reduce greenhouse gas
emissions. Based on the activities of the resort, a case study in Koh Samui. Surat Thani by bringing digital
tools. It is used to collect activity data as a source of emissions, resulting in greenhouse gases. How to
Calculate Carbon Footprint According to the guidelines of the Greenhouse Gas Management Organization
(Public Organization). The study found that data gathering by technology Digital come to collect the data, that
makes it easy to analyze the amount of greenhouse gas emissions. The highest amount of greenhouse gases
can be monitored at any given time. GHG emissions can be specified on a daily, weekly, monthly and-yearly
basis. Digital systems can monitor the use of a case study every 15 minutes, measured by the actual period.
(Real time) During January-December 2017, case studies have released carbon footprints. The amount of
greenhouse gases is 4,783.5 Ton Co2 eq and the amount of greenhouse gases per room.is 4.2 Ton Co2 eq.
2.00Pm-4.00Pm is the peak time of the resort's electricity. Using electricity is the ‘activity that produces the
highest amount of greenhouse gases. The total volume of greenhouse gas emissions was 412.8 tons Co2eq,
equivalent to 88.12% and 8.63%, respectively, compared to all activities/in the organization. By definition.
Greenhouse gas emissions from energy use are reduced by a 10% reduction in electricity consumption, which
can reduce greenhouse gas emissions by 421.52 Ton Co2 eq-perwyear or reduce average greenhouse gas

emissions by one. 0.4 Ton Co2 eq per Room night

Keywords: "carbon footprint of the organization," "carbon footprint of the hotel," "Resort greenhouse

gas emissions"
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1. uni1 (Introduction)
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2. Waste Water Treatment Plant (WWTP.)
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3. Digital Check in Application
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Condition: Some Sun & A couple of showers

06:30: AM | Moonrise:  01:40:00 AM

[r-mpnnum 29/27%°C J Isunln: 06:31PM | Moonset: 01.34PM

DATE 15/9 17/9 19/9

Occupancy % USMKS 82 82

ADR (THE) 13,591 13,629

21

14,374

Arrival Raoms 21
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54
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Total Guests In-House 106
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4
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3

3

14
26

B

0

Occupancy % USMKR
ADR (THE)

Arrival Rooms
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Water Saving Valve
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COMSOL mamuuwmmﬁuuua Lmvimmu 4 5 Tuyy 30 wag 4 5 luyu 45,0901 dlovinisveaeunis
A9rs1uves FeausLTowma tsufiy dike 1hendeany wazaymal Wstguauaunsalunisans
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41.7

Abstract

The purpose of this study was to design the valve with the curve inside for finding the narrowest point
with the lowest pressure for drilling the_hole and let the air inject into the valve. The concept valve
designed by using the COMSOL Multiphysics program. The prototype was made from the plaster and drill
the hole with 4 holes with 30 degrees angle and 4 holes with 45 degrees angle. The experiment was
tested by using washing the stain-on the dish that is ketchup, oil, honey, dishwashing liquid and liquid
soap by using the prototype valve and the normal valve at the same time. From the experiment, model
valve with 4 holes with 30-/degrees angle use least time to wash the stain. However, when comparing to
the amount of water was used, model valve with 4 holes with 45 degrees angle can reduce up to 25

percentage and model valve with 4 holes with 30 degrees angle can reduce up to 41.7 percentage.

o o w

Ardangy (Key word): Valve, Water saving, Air
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2. 35738 (Research Methodology)
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Poly-Gamma Glutamic Acid Grafted Benzoxazine:

Novel Sensing Material with Responsive Property to Heavy Metal lon in Water

Faan Waruwsd' wazossowa uiadide*’
" madvaluladimnssunisiden nendemalulaenavingsy
wvendeimalulagnsyrsuina nszunsivile
1381 auuUsensugs 1 LAUNSEe ATANNUIIUAT 10800
*attaphon.k@cit.kmutnb.ac.th

uNAnga

e ilfiauonumenstaunYaguinlvalfifaudinindonnovuausseladeuteslangnindonisdauys
Tassasveamedunusnngandniedauaziuugenedulagliuiizeneamesiliadiu Tanildannsdnudslasass
Fonedunuanngmiiniedansmsiuugenedu (B-PGA) fifldesinsdimsaerunnlessuvedlanzuiinuazdmaly
B-PGA anansanauaussiolessuvatlangld annismaaeunsnovausssiolessuvedlansuiinyssianmnee ey
Tuth 1w NI Cull) M) Co(l) Pl Zn(l) Fe(ll) wag Ce(ll) wuda B-PGA fiaushidennouausaanzlesouves
Cull) wag Fe(l) sanansausadiumsiasundaslidonildilaefinnsannaudinisazans wazWgoolsd
st (n181fas UV) wenantiu B-PGA eliuszdnBnmasaiadulosaunes Cull) wag Fe(l) l¥3osas 59.68%
wag 67.11 muddu ndeyadenanitlmiiuintan BPGA Tautinisdennouaussselosauvedlansitausald
Huduwesuarfanatniulans Fsesdanuidsnanausathluiannianiidnsnovaussinlmifielddmsy
miaf\ﬂ,aaau%ﬂamwﬁfﬂﬁazﬂuﬁwixLmﬁuﬂ ol

Abstract

This research presented the development pathway of novel material with metal ions sensing property by
modification of poly-gamma “glutamic acid and benzoxazine via esterification reaction. The obtained
material from structural*madification was poly-gamma glutamic acid grafted benzoxazine (B-PGA) which
had specific cavity for.the suitable size of metal ions which effected that the B-PGA could be responded
to metal ions.From, the metal ions responsive testing in aqueous solutions of various metal ions such as
Ni(I1), Cu(iyMndiD, Codll), Pb(Il), Zn(IN), Fe(lll) and Ce(lll), it was found that the B-PGA showed the responsive-
selective property to cu” and Fe™" ions only. The changing could be easily considered by the necked eye
fromsolubility, color and fluorescence (under UV). In addition, the extraction of Cu(ll) and Fe(lll) ions by B-
PGA was found to be 59.68% and 67.11%, respectively. From the results, it indicated that the B-PGA
material exhibited the responsive-selective property to metal ions which that knowledge could be later

developed to novel responsive material for detecting the other of metal ions in water.
AdARy (Key word): WaduNusNgAIineda ; Luuteneau ; Tanmouauewolosauvadlany

1. unii1 (Introduction) Tngnsadeszuuiing feomauading1n dnideialands

asuaity (Pollutant)  Tnelannglesouvedans  neremsimurianiu (Sensing Material) fiflauta
sifn (Heavy Metal lons) fituegluuvasiildnaredu  mevausielosauveslans (Metal lons Responsive
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vaslanglaensanuwlslaseasnawes Y-PGA fiu BX &9
ahbilatannfiaudinigvedesinesenindiiana
MunzauiulangleoeuiausananinIsneuausdi
o & I P o ' v a

dunmiiuladtamenilan Faasnelminuszlevily

munsasItanelosauluduindeusall
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2. 35738 (Research Methodology)
2.1 M3AnkUsIATIATINVRe Y-PGA uag BX

N13AnuUslAII319909 Y-PGA way BX vildlay
nsadudiseneamesindusenitmasuendan

188AU03 Y-PGA waznylansendaves BX Faazld
WARSU91RD Y-PGA NIV BX (B-PGA) s il 1

TN R LT 11
N=C=CH,CH,—C N=G—CHyCHy — G- N—C—CH,CH, —C
| ¢=o
COOH n COOH n 0 m
Poly(y-glutamic acid) (y-PGA) CHACH~N"~0
+ -

HO-CH,CH,~N""0
CHy

Poly(y-glutamic acid)-benzoxazine
(B-PGA)

Benzoxazine
(BX)

CHy

A 1 UAseateamasiliadusening Y-PGA way BX

FupounsdauasIEy Buduainnisiiy Y-PGA (1.0
aansy, 2.0 Tadlua) astuansazarverdlalulesa
U311015 100 Haddns Tuvandunauwuin 250 gnuian
LYURALUAT mmﬁ?uﬁaae] nena1Tazaly BX (1.5 Jadniy,
7.75 fiadlua) Tuezdlalulass 80 Hadans wazdundu
(Reflux) AuUATenAnauYTol &renznoudaetiindy
nazezdlau yhludnAusiuriasioniseuusisigumgd
60 oewalTea MntdnzRdnsarlasadiama
\ived  B-PGA siewmatia FTIR (USEW Bruker §u
Alpha-E) waz 'H-NMR (U3 Varian §u Mercury-400
spectrometer)

2.2 MsnadevantRn1snevaussralasaulany

AsnageuIlalaen1siiy B-PGA (2.0 fadansu)
adluansazanelanylesauildinduiwhararefinny
Wuduveslavglossu 1.0 Jadlua (@15azanelany
looou 8 wila laun AeUileslessu (Cull) lausan
looou (Coll) wusnfialesau (Mn(l) Aiialessu
(Ni(I) mzialesau (Pb() dnzdlosau (Zn(l) wén
looou (Fe(ll) uwavindnlaaau (Cell) muaI6Y)
NniaAeseiauTRnisnevaussrelaveloooudiuni
WauazdnAnsaanduiiy inallagi-ddida awnlag
lafiwas (Shimadzu UV-1700) wiefuiuadesas
MInevaueolosauftaNns [A-A / A, x 100] e
A, faAIN1sAANduLasgIanatansaratelavslonay
uaz A feAinisgandunaseslanzlossuiiudouly
nasannAIY B-PGA
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M Lo

qnving 3meﬁmiLﬂﬁauLLUaﬁauﬁanaaLia
LwUAYDs B-PGA ndsanadasiglessuvoslansi
ansanevausslaiy B-PGA fuiedosigoaisaleus
awnlastlailined (Shimadzu RF-6000)

3. HAN133uuazanUT1ena (Results and Discussion)
3.1 Mynaudslasasnaves Y-PGA uay BX

wAn St (B-PGA) AlFanUFATen BX uay -
PGA fidnuaizilunadimdes Wehnseilaseadimia
\AY09 B-PGA mgmatia FTIR @a1sadudun1sanuwys
BX vulA39a319789 Y-PGA laandinvesiseanynduy
Bwes  ozlsundn wazrauudu Feusingidiumis
1504, 1120 way 871 cm’ Muawy fan il 2 a-h
uanNTAY HANTIATIZVAEENTIAIUNTYANTULES
IR vewgfleidu C-O #ia C=0 wag Oxazine #o C=0
(il 2 1) I Fui RSB AT wilenaiuly
15 w1t uagtiuasiifinan 2 $alus KeduFeagulin
nafuunzaulunsdaunsze B-PGA Aoran 2 Falus
dlevaaeu B-PGA drewmadin 'H-NMR wudn H-NMR
989 B-PGA wansfinndnsaii (DMSO-d6, & in ppm):
1.62-2.35 (4H, -CH-CH,CH,-CO-), 2.84-3.08 (2H, -CH,-
N(CH,)O), 4.10-6.45 (1H, -NH-CH(CO,CH,)CH,"), 7.96-
8.43 (1H, -NH-CH(CO,CH,)CH,"), 6.49-7.22 (3H, “O-C:
CHCHCCHC-CH,N-) flanwdi 2

3nn

Absorbance

(a) 35003200

3000 2200
Wavenumber (cm’")

3800 1400 60

111

A c,D]fA [C=0] A[cxa:inafA[FO]
2.& ) 2.2

18 . 1.8

14

1.0}°

ETS

hxn
Hu
iﬂ

.::,.,._% R
] 3

118 1226 074 524

0.
9 8 7 6 5 4 3 2 1 0
Chemical shift (8 (ppm)

A Wil 2 FTIR aUnm$1wes (a) Y-PGA (b) BX
(c-h) B-PGA iU fiesneinan 15 unii - 8 Halus
(i).A5a IR-ratio/time way (j) "H-NMR v84 B-PGA

smdeya FTR uay HNMR anansadudiuléin
TAs9a319909 B-PGA Usznausne BX fiRafy Y-PGA
dlesnaszrunmsdauslasadanndasdiaesd
guiinsaiinlusmeuvevyeoriily (7.96-8.43 ppm) e
AduinIainvesezlsuIAnlusnouvas BX (6.49-7.22
opm)  BlHifudn B-PGA Ssziunisinusiaseatiag
Uszanas 25% 99708 18nfina1inannavesnany
\ngn (Steric Effect) malassai1avns Y-PGA Ailuunn
Tnguaziiuselalasiaunieluluiana (Intra
molecular hydrogen bond) [2]
3.2 MsvedeuaLUAN1IRaUaUsIraloaoulany

1ARa UV-Vis LagN1TAIUIAIS08aENS
naUAUDIRDlaRaY WUIT Y-PGA In15ABUALDIND
Tovaulanzliiiu 10% @w5u B-PGA finsneuauss
molesaulans Agll), Coll), Cull, Hg(l), Mn(n), Nil),
Pd(l), Zn(ll), Ce(lll) and Fe(lll) ions Usguew 15.90 %,
15.06%, 59.68%, 17.08%, 19.35%, 17.45%, 8.549%,
13.40%, 19.87%, 67.11% auddu fan1wdi 3
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fo2] w
(=1 =1
59.68

% Extraction
5
17.08
19.35
17.45

13.40

(=]
(=]

0
Agll) Co(lly Cu(lly Hg(lly Mn{Il} Ni{ll) Pd{ll) Zn{ll) Ce(lll) Fe{lll)
Metal ions solutions

=] 1% o
AN 3 Naﬁ@ﬂagﬂqiaﬂfﬂ‘l@@@umaﬁiaﬂg

INNITNAGDUNITADUAUDIVDY B-PGA AU
arsavarelanzloosuss 10 ada wuin fifles
d1vazatgves Cull) wag Fe(lll wiruiinnnsadsud
wazflAinnueneduiiinisgandunasgegaiasuly
nnlaldfddudivdes (415 nm) warduwne (508 nm)
AUENSU (W @) yenandu Fawudn B-PGA il
asawﬁ’mzmmmasm‘&Jlmumiazma Culll) way
Fe(l) 9 ndoyadananadliiiuin BPGA  Hudendu
lepouved Cull) wag Fe(ll) Tnatinduasdedou
(Complex) finaninanisaovauesliifiunis

Wasuwlaslamenidal fanIni 4

B-PGA avazany Cull)

- =
T g

B-PGA + Fe(lll)

B-PGA

a1savany Fe(ll)

mwﬁ 4 nsnavauasne Culll) wag Fe(ll) vog B-PGA

w99n B-PGA Anluanaifadauiu Cull) uay
Fe(ll) leaau wuin audfngesisaiuives B-PGA 9z
Wasuuadly anvigestsaieuddidouasududin
doaududureslossulavegifiuuniu lneAiany
mqﬂ?{uwQ@aLsaLsﬁuﬁﬁum B-PGA 91U3Buain 489 nm
Gy 428 nm o B-PGA fu Cu(l) uazAANLe
ﬂ?‘iuwQaaLiawuﬁmaa B-PGA 9z1UApuann 489 nm
Wy 418 nm  lewan B-PGA Ay Fe(l)) Fauanslu
Al 5
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(b) (@

awil 5 dnvazvigeaisalausiniglias UV vos
(a) B-PGA nauwazuaInsiinasidetauny
(b) Cu(l) wag (c) Fell) lopau

defiansanansuinsailainiaus (Covalent
Radii) voslanglaaau wui Cull) Lag Fe(li) losaull
uasailaaudfivindudie 132/pm mmﬂﬁuaua
f9Nan GUSLMLWU’J’IIWNETNIMLaﬂﬁEUEN BPGA i
WanFutiuanunsargeliiiduinmnsanfudeilan-
awAiisloun 132 pm i8] ¥hlii B-PGA \denmeuaues
Wiz Cull) waz Fe(l) looou wazildsunasaudh
sunsazate @ bazautAngesisalsud faiunsa
Funaiuldiemenan

5. @3Una (Conclusion)

B-PGA #ilFannmissauuslaseadhs Y-PGA uay BX
moUfiseneameiiiatuamisalfiiutaniuii
audfinisidennevauasnalasauves Cull) wag Fe(lll)
I$lagordensidsunlasausinnsazay nsgAndu
Wa LasNgoalaalunved B-PGA Feanusououdiule
$1YAILANUAT NE1IAD RAIANALANNITNOUAUDIAD
looou Cull) waz Fe(ll) 9s3ile% B-PGA #lsiazaneii
WasuiunaransiSdeuiiazareirdmdeuarduns
AU Yonantuginuin vigeaisaltudves B-PGA
auiUdsuandiviendudih Sinsmevauesrslessu
Fanarndunaainlasiadnewes B-PGA Timuniuiiy
ansnsandoliiivesinefimnzantusedlaaudaunn
132 pm Fwihlidnisidennevausanizlooouves
Cull) uaz Fe(ll) fatfu mnoonuuuliiagnouauasiil
Farhfimnzausuawslinausvedanslesouyin
uq AradnagyhlildfaniiflautAnisidennavauss
solesouriintug 1§ wazaiuisaldustlovddau
Zandoularely
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Unglazed wall tile produced by Prachin clay, Kok mai lai clay and green glass

cullet

Juny Bedunsens , quadd wiedndana’
" @91 3nImINTINnIHER
ANEIMINTTUAERT UNNINYIRENTEIDUNANTEUATIILD
1518 auuUseysugs 1 LAUNSEe ATANNUIIUAT 10800
Wissanu0728@gmail.com
UNANED
Nt aUsrasdifioviauemadenlumslitagiuisiiniensuannssdesyiianuulsiade Yagauifld
Tuneaesil Usenoudefusiusiu furnlenliane uay wsui@den Gnafmawiaided eAnwmai
fronmantRidanavoinsuies ‘via”qmﬂmaui’mqﬁumuqmﬁﬁmumLLazsﬁugﬂémmLLé’a vhnsinigamai 950 °C
TnvhmavaaouauantRzuundusn nansvaaesazuliiiu 3 ndueodu A, B, way C Jangu A Alduia
Fendosay 10 fiengeaduth agseninedoray 18.45 - 21.56 uay ATMFILYIULIIFA 1.38 - 8.18 MPa lungu B
wuuia@iTenosas 20 frgafuth og sewinsiosas 16.61 - 19,07 kay ATWAUITULIIAA 2.2 - 8.3 MPa uay
Tungu C wvuin@dendosas 30 Trgeduth ogsewineiosas 1437 - 16.23 way AMUFIUTTULIIRR 4.53 -9.85
MPa tWisuiieuamaudiiu wen. 2508 - 2555 WU’J"Iﬂ"]@ﬂ%JJiETUE)QﬂEjEJ B ez C HULINTFIU UAAIAIINAIUNIY
usaadsliEuanmsgIui 3 nau egnlsfmuannsdaglan msdszgndldiauuidiBomisfiuaud
ussdaldiia 3 nduntanaaes dsanunsnynisidedesenldfenniivgamniilunian uasanunsauszgndldluns
wAnnsdosiIundn Snusiguuld

)

AdAgY : ueﬁ’msﬁu,ﬁumﬂﬂﬂ"l,ﬁma,LﬂwLLﬁﬁL%’amzLﬁamwﬁa

Abstract

The aims of this research is torpropose the alternative materials for producing unglazed wall tile. Materials
used in this experiment consists of Prachin clay, Kok mai lai clay and green glass cullet. The effect of
adding of green ¢glass cullet on mechanical properties of wall tile has been studied. After mixing materials
as the constructed formulas, the specimens have been formed by uniaxial pressing. Then, all specimens
are fired attemperature 950 °C and their properties are tested. The results can be divided conclude 3
groups whiech are group A, B and C. Group A using green glass cullet 10% has water absorption between
18.45% - 21.56% and bending strength 1.38 - 8.18 MPa. In group B, it utilizes green glass cullet 20% having
water absorption between 16.61% - 19.07% and bending strength 2.2 — 8.34 MPa. And in group C, using
green cullet 30% has water absorption 14.37% - 16.23% and bending strength 4.53 — 9.85 MPa. The
properties of specimens are compared with Thai Industrial Standard; TIS 2508-2555. The results of this
experiment found that water absorption of group B and C can pass standard but bending strength just
cannot pass. However, it can be summarized that application of green glass cullet can increase bending
strength to all formulas. This study can be extended by increasing temperature for more bending strength.

In addition, the products of this study can be applied to be the community products.

(Key word): Prachin Clay; Kok Mai Lai Clay; Green Glass Cullet; Unglazed Wall tile
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1. uni1 (Introduction)

pitygyvieaduvedlny 1unfitaygrenathuidy
sefunuiul ussdanuiilasudunensoriuan
Mnjugiuieny Jaansliifiufednennvesyumio
fioafutiug Feifuindulssleviunfiosduniogumu
fuqduegrauinasiifion deusaziosdudulind
Hoyausasildmiioutu ilosniinnuumnsiratiste
TuSesdnuurmagimaniuazniennia [1]

Fensuilosynilsfidundagityviesiuredne
dudisrtu Ganssdosyniafuusinousnasldifiody
sty wilutlagsunssdesyniddsuauien
uldlunmsanusatumndaduisluionss Foetudu
N30l UMBIA LN IZVINANEZD1A918 TA21UITULN
GPNGHITGERT PRHE RGN %qﬁqiﬂﬁwﬁwagﬁqmiﬁaau
Fdfuls ﬁﬁwmi@m%mﬁwﬁ 12-18%  A1TNANTO

200 9,

o W

Gl

£

Gl
A

8

=

UN

14

veredvdannianfisndniiosi 0-0.5% anusanuse
nsvenefadsauiuldfuasiiudniu (2]
TusAtedinstamuaz fuusnsades
yutuuliindeudmiulssnuiiegdming1mes
TneUsegndld Audiusnduys auvnlanldats way 14
A donfiodfiuaanuudusmonsaosnyus
Feuraduiidnuusundaiu fedisndrdyodiy
Faneunavegiiilon dufuduniutulidnuasdin
dinilsndndity Aeddneunazegiiiluy Wiseaiu und
Mudusiduamsaiverluiuiiannsomalnhnglud
ungfigandt 500° C dshurisanssindsnqnanindios
fudshunndufusasiaundunsadonssinld
3] dnewuidiBiihiansaiubuium st
Lﬁaamqmmﬁmsqnﬁwauﬁaﬁu wagldduiiudanmm
WIunEnsioue [4]
ufUs13u fdnwagBunedn dsgusznoui
A9 Si0, 66:71% . Wag ALO,; 24.65 % AUAIUTY
Jududnniauszinnniafidonionunviuanfuei
w3adla NNUITVOIEATT UIALATE uazene (5] 1A
IN15NAADIFINTBUYIINAINAUVILALAUAT ¥11N1T
JugUsaeTEnsminady wuhewananselunisuad
yosdumilaigeniiiuen shlitugdldiendt ied
Usanasuslugmsmanaufiunntu wWesdusnsund
[5] winousd esney dslideyaiferiuiuvnliin fu
vruduniifidosziBoaunn deudisuni nudeniny
Souas unasiuvnnulalunnainvestsemelng fu
PAANIINNITHAIVR I HIINaRaU1 TN FuLNTTn
woslnisSuaziulndifsswdndug Juiliauauifves
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Furnusazituiituianuuandstudislusdasinds
[6] Michot et al  ladwsialedluvininsivaeuan
FuuszAvsnstharudou fEMsTigamnTiuaneing
A1 wudwﬁqmwgﬁﬁmdﬂ 1,050 °C agilAsnir 0.3 w
m' k" dwnldgamgifiganinfuandulsyaninig
anufouasiiAngsia s W m' k' [1] Jettner et al
naasaRgrulassainvewsialodlui-ogiun wui
Wesidudvasogiuulsiunssfuaumguvesieny
[2] Jordan et al lfinsveaeaieiiugamainis
mavedRuesdia Tnswnlugamgll 800 1,150° C
wuanungusaza s siusie sy (3

wwuidden  Inmsveasunatnsifgatunis
wwkiulglunszuiunsuanrdnaudaniesie
maying Fudesyd Tiihdumufuvuusass Guily
i lunsndnausasiesndn dlduadmantusidul
ANENTRMUINAUTIVRINTNTTIUEAAMINTTUUALANUTA
anUUDINITNERNLA[7] aunad lvenw loAnwinisan
UNNINIANARVINITEAUYY  WagwuIansiILFu
wilgalad: awnsnangumainsandivesduInn
9o 1,250°C  anaawiie 1,150 °C Imaﬁ@mauﬁa
NNpakazNIeNngInLuilouldn [8] Huang et al g
NIMAaeINITaNgUn)InISIHLYS A Ba, Ti Oy
Tasmsiduuiasl  waflesnundeanusnanguvadl
nswlel [4]

nswnsIniures Auvndlantdate Audiusndu
waziavuiaien dududesdinsmdnsadmimngay
fgelunisndn Lﬁdﬁlé’mﬁmﬁmsﬁﬂimﬁammﬁqﬁﬁﬁqm
Ay arfadaing  Le@nwmsmsndniivinzanlunis
NANTENIARUY1IEIUN Audwiniy Felduadn
nTdINveAuY AR AU LN uT§nT1dIY
70:30 LHudnsdndivnzandian [9]

FeAte i fngusrasdifiodnuinavesniaiiy
wsuiATelufurnlanlians fudusidu ifiuade
@mamﬁﬁmnmemwmmLﬁammﬁﬂ uaziflaLfinAIAIY
uaussvesdunu

2. 35799 (Research Methodology)
2.1 5'mqau17i1°i’flunﬁiwﬂaaa
FngildlusmiAdeuszneusie 3 vila fo Aud
U513y Auvnalanldatsaindamindsdugs waviey
wiadde Wlmsiiiaardumaluladdanies
WHYIRGI833N1T Xray  Fluorescence  (XRPF) @4
Usznausediuusznaumand fuandlunnad 1
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A15199 1 drudszneumaaivesingaunldlunis

NAADY
W9AU(%)
asusvneu|  Aus | Auvnilan | ewuiag
Uniu | ldane W
SiO, 66.71 58.38 69.91
K,O 1.85 0.19 0.36
Ca0 0.09 0.04 10.81
P,Os 0.09 0.06 -
MgO 0.94 0.13 1.24
Fe,0, 3.89 211 043
ALO, 2465 | 3787 1.91
Cl - - 0.05
SO, 0.55 0.09 0.07
MnO 0.02 - -
Na,O 0.2 - 14.64
TiO2 0.86 1.06 0.08
Cr,0, 0.01 0.01 03
ZnO 0.01 - 0.03
Rb,0 0.01 - -
CuO - - A
ZrO, 0.03 0.06 0.03
NiO 0.01 0.01 -
BaO > 0.09
SrO - 0.04
PbO - 0.01
UG TATIENRI8ITN1T X-ray  Fluorescence
(XRF)

2.2 F/nsaseuingiu
1. fuvnlanlifany dhlveuwisiionmgd 200
°c iunan 2 $alus thluseusiunzunss 50 we (297
lumsen)
2. fudUs13u ane ildeuwisiigum
°C thluseuriunzunss 50 we (297 luaseou)
3. 1wii@Te dnlueuuvisiigamail 200 °C
WlUsourunzunsa 50 we (297 luasew)
2.3 IVUAZAINITNARDY
AVUAEAEILYBIGATNITNARBINUUNUAN
auunuii 21 gns nglfiavuf@iBeregsewing 10-

a

au 200

Y
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1 '

gnslaawnnaludngiun

v
o
v £

30 % 3

sUIn Matunisveassiilawiaingunisnaaendu 3
nauil e naudl A THumdTer 10% nquit 2 THud
T2 20% naudi 3 MHui@iTen 30% laefmundas
drunauvesiurlanldane Audusiu uasiaviiag
WFemnuunua sy dauandunsad 2

M31efl 2 uanadnadunanvosingAulunsvaaes

a o i/dy
neasinavilwvy

Ing@u (%)
ans fiusn | Auvndlen | ewuimad
Us13u Tsfane (e
A-1 10 80 10
A-2 20 70 10
A-3 30 60 10
A-4 40 50 10
A-5 50 40 10
A-6 60 30 10
A-7 70 20 10
A-8 80 10 10
B-9 10 70 20
B-10 20 60 20
B-11 30 50 20
B-12 40 40 20
B-13 50 30 20
B-14 60 20 20
B-15 70 10 20
C-16 10 60 30
C-17 20 50 30
C-18 30 40 30
C-19 40 30 30
C-20 50 20 30
C-21 60 10 30

2.4 mswaui’mqaumugmﬁﬁmuﬂ
nauingAumenisnauuisagniidiiudu
a1 30 ud 9ntuasdineasau 10% sesimin
TRy uarsaurUAzUNTe 20 WY (841 luasou)
2.5 ﬁqnWiémﬁugﬂwaimqﬁu
Snausudemsliintessatusumafior Tng
14us98n 100 1% 9zldTuarunageuiisiauin
50x100x8 mm.
2.6 auldaruiu
aulﬁﬂqm%u%umuﬁqmwﬁﬁ 200 941
wardea 1Wunan 2 $alus udwhnistnauin wazds
duindue
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2.8 NAgaUANENURA

USENoUuniIy AISUARINAINTITLHA
(%Shrinkage) fauansluaunis (1) Avutindigade
WIS ( %Weight Loss) auandluaunisd (2) én
AUFULIIRABending Strength) fawansluaunisdi
(3) ApuLLLTIY (Density) fauansluaunisi (@)
waziafidudinisgaduth (%Water Absorption) s
wandluaunsi (5)

2.8.1 AINITUARINAINTITIN (%Shrinkage)
9hShrinkage =% X100 (1)

L, A9 AINEIINDULAT (Mm)
L A9 ANEIINEIUNT (mm)

2.8.2 ﬁﬂﬁqwﬁnﬁgsytﬁwé'qmﬂm
( %Weight Loss)
9% Weight Loss = %:{mn )
W, e thwinrous (9)
W, Ao shninndamn (g)

2.8.3 AMMNUAIULSIAA (Bending
Strength)

Bending Strength = 2L

2bd?
P o ussnadivhlurianeageauiin (N)
L Ao AUNI19UD9U1589 (mm)
B o AunIsveswindeuusaniiivh (mm)
D fie AU MA@euUILRTIRN (mm)

2.8.4 AMANUNRUILUUTU(Density)

M

P=3 (4)
p Ao ATUUHILNLTI (g/cm’)
M e thuiingneting (9
V fo Ustamsvesiiedna (cm)

2.8.5 @hms@m%uﬁ’u (%Water Absorption)
Wiu—

%6Water Absorption = " £X100 (5)
d

(3)

W, Ao Uminneaudy (g)
W,, fig Umitinuasau ()

3. NaN157398 (Results)
3.1 AINTUAARINAINITINT (%Shrinkage)
MTIATIERMsUARIME IS et ULy
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anautRTefcingRududravasuiiuiulditu ndy
A fangu C nudngasiisiendiga Al Amsuadamdanis
11 0.99% Wazguanogil C21 ANSnAFINAINISIN
2.1% fauaodluguii 1
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n
—
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Anhningeyidenaensiii wuiAgeanaenay

25

1 2.10

20

11.79
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Al === 0.99
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A7 oo 1,34
B9 MMM 1,19
B10 [T 1,22

A3

B11 [N 1,27

B12 MIIIIIITNINIT 1.29

B13 IIINIIIMIIIIIITT 1.54
B14 [INOIIIIIMIINIIIINNGD 1.61
B15 IMIMIMIIMIIITININT 1.68
Cl6 ——————————11.54
€17 [EE=—=—wwwweweeoeeeyg ] .69
€18 [E====eeweeeoweweoey ] .72
€19 [E=======x==x=wewweey ] 74

c20
c21

CTRe
I~ '

A Feanfonay C is1zantungy A TAuunniingy

C viliavdasniinsgedesnnndi Wesnauinis
geyananeuInnINAYLAY nau A Sangu C deawaliie

Yo
v '
°

Umlinfigadenainisiiiunnigase 14.64% lugns
A8 FNTign 5.56% Tugns C16 Aauanslugui 2
%Water Absorption
3
a
Y LR
1 v

S
3 g
i g
3.3 AIANUATUNUKLIIAA (Bending Strength)
ARNAIUNIULIIAnlunal C  HA1Au
AUMULSIFATIEIanduMATeINTAaATa 30% Wi
Adeaiisnn Meanavaeudi Ao Na,0 K0 CaO 1l
s1gAgrgviligamgiilunisiiidiamseiinainy
AIUNIULTIAA TAIUFURUSAUAINITUAAINAUNT
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Cle /14,54
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Cl8 EFEm—mm—m———=—===4 631
€19 ————— 6.57
€20 ———————— 7.67

A2 3 1.38

o
3 S
o~ o~
2 2

Al =2 1.37

o o <
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U 3 FA UL R
3.4 ATAMURUIRUUTIN(Density)

1n3UT 4 aguArAamuuus il
masilefususIunniuieminfudiiiasaniven
uniflewmnigungiigs asdrdaraaisfiuasii
Foairsluiondnfuaivinliaranunuiutuanas
ueninililewsuiileusswiungu A, B, uay C wuih
winltuArmnuuLtuanas Ssanawmnuuualiunisd
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anasgns C16 mwmmuu’usmﬁwqm 241 g/cm’ Feaz
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o Density
S'—”.
2.54 EEB‘NT‘
o) o
2.52 gqf_‘lf_\lf_‘l
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2.50 #r&r_\l O VWOV
248 |N o BV
gNNNNNN
o 246 ~N NN N
£ dossey
L TLTNNANN
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240
2.38
2.36
2.34
N MmN OURQOOO0O A NMTN O~ O A
L L L LL Lo oA A NN
Do @om®oUUUUUU

U4 AL

3.5 WasidusnisgaBuih (ewater
Absorption)

Ainsgadunn fuuiliusiias defiusunafiud
UstauifinfudamaliiAnanuduniunsadiauasnisva
é’aﬁumiﬁmqﬂ%ﬁu ﬁwiﬁmmssﬂm%m{f’] wUSHARUAUAN
AUATUNTULSIAALALAINITUAR mmnﬁqmﬁa
21.56% Tugns A8 ﬁw‘i’ﬂﬁqmﬁa 14.37% Tugns C21 49
wandluguil 5

c21

%weight loss

<
o
16 g
©
14 < @
5o
(@]
© #h;—:‘“" ~ o
10‘_.q°°.°°.g)' Ooq n
q,r\.OOOO @oggﬁmw 0
N © Q0 A o o
8 > MEERCENN I ER RN
6 q FHH Wy
2
0 | 1| H H HEHEI |
HNM#MLDVNDO%OHNN!#M‘DY\MU\OH
N~ - - -0~ B s R s B S AR S B S B
=] ¢ ¢ ~ 5
JUN 5 L1WUBILUANTIINATULD

4. afUs1ewa (Discussion)

nan153¥ed wandliim . fuduniu fuem
TanlisusziawuiAde. susnilundanssdesy
wifsuuulsiadould BagannFisenuin Ansvadmgs
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Snsfisanaty Kwanduguil 1 Andwidnigede
n&sirsmnduegfudndiuresiusiusduuasiuenn
Tanlsfane esanfuflansasueudzsduwilisnsins
giamefinnninawui fuandlusui 2 Aeudiu
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A ULSSRRA NNty Inszesuiailen
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wntu Falanuduiusiierfuanisedmian &
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5. dgUna (Conclusion)
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W1 2.1% mﬂfwwﬁﬂﬁq@ﬁwé’mﬁtm 8.56% 1AL
ANUNTULTIAR 9.85 MPa ANANUUUILUUIIN 2.42
o/cm’ Lﬂ@%L%uﬁﬂﬁQﬂ%uﬁ’l 14.37% fauiA1A214
Frunussnasduaansadinldainnisifiuey
WA Tealvnntu Tunisnaaoseluld

6. AinANTIUUTENA

HI8vBv0UAM AATYIIAINTIUNITHEN AL
Fenssuaans unninenduwmalulagnszasunainge
unsinile Alianudeiiieiniasiiolunisiitouas
vevouAn Uadining1ds uningrdomalulagnsy
Jeundmszuasivile ganyunuide dielnuide
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Decoding Denmark ‘s Lesson for Energy Sustainable Management
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Abstract

Denmark is the most successful for renewable energy-management. As the result of the historical
renewable energy study, there are 3 key factors for sustainable energy management, the bottom-up policy

establishment, the own technology development.and the high efficiency usage of economic policy tool.

Key word: Renewable Energy, Energy. Policy, Sustainable Management
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1. uni1 (Introduction)
wunindulssmaiivssaunnudisalunisia
msndanuvyuiouiiaaiulan Tagwuandnaninsa
nannselalihannasnuanludndiuiovas 43.4 ves
Fndunswanliihiomaneludseng 1wl 2560
Winandeautosas 42 Tud we. 2558 wiouss

Nudmmedmsunstindsnunyuilsuliladndiu
Jowar 50 aelud wa. 2573 neurmlugusme
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fua1AU [1]

Wonusesarudniasiunisdanisndeeu
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2. 35798 _(Research Methodology)

35370 dumsiTodause Rmans Tnsanwidu
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Anvnduiaunisuazanudsunasesnsvinli
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3. NaN157398 (Results)
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4. afUs1ena (Discussion)
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5. @3Una (Conclusion)
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Education for Improvement Tax Collection Service by the Application Quality
Function Deployment: QFD Case Study Khunkaew Subdistrict Municipality.
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ABSTRACT

Tax Collection Service of TumbolKhunkaew Municipality government, which authority of property has duty
of taxpayer for their entire property. By this proceeding, Tax Collection Service management has a gab
that does not meet with user requirement, therefore to proceed that, the studied of user requirement is
needed to increase the efficiency of work conduct and user satisfaction to improve Tax Collection Service,
by using Quality Function Deployment: QFD technique to analyzes the way to improve Tax Collection
Service. Data that used for this research is the sampling from 200 users from property tax , then gathering
all the user requirement and using QFD procedure in order to convert into the suitable service regulation.
By using questionnaire the studied results has found that the most improvement expected from the user
is to improve standard time of work conduct, which approximately 19.56% Second, is the preparation of
evaluation document is 15.39% Third, is the tax payment procedure diagram is 15.24% Next, is Data
checking table is 12.45% Then, the importance of equality is 9.23% and filling form document preparation
is 8.93% After that, is clear communication channels (intemet board etc.) is 5.73% Equality of queuing
system is 3.62% Regulation of dressing is 2.39% Sufficiency of officer staff is 2.2% Providing of tax training

course is 2.18% Finally, services evaluation by the citizens is 1.60% and allocate of durable goods is 1.50%

(Key word): Services, Tax collection, Quality Function Deployment (QFD)
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Installation Improvement for Sliding Aluminium Door and Glass by
Using Motion and Time Study Techniques Case Study
in Glass Line Company Limited

N a a ¢1* a 1 v ¢ ¢ 1
IJUT dNSNA 'Ll%iyig UUNueYy Hwas FNINUY WYAITYS

493 9

‘gnivimnssunisinnisanannssuiiernudady

ANEIMNTTHMERTIMIMENFmAlUlAE I YAaNTEUAT
1381 auuUszANII¥Y5 1 UIINSAATING WAUINED NgamMamLA3-10800
m@slasslinethai.com

unfnge

N7 ”aﬁd’"imQﬂizaaﬁlﬁaﬂ%ﬂﬂ':;ﬁ%mil,l,agLﬁ:ﬂﬂisaw%mwms@mé’?&wuﬂis@muﬁauagﬁLﬁwu,azﬂsmﬂ
TnaunMauLIRsgINUTEN fausings vesusemnsdAne lnenisuszgndldudnnisnisfineinis
wdoulminazinat Usuaunadumeunisinds senuuufififioauiudoudstunoulunisinyFuain
yhmsfnunssuiumsinieadseguindeu nssituneunisUfoRaunarantuneuiisndou il
$ndufowhiivinueen davanassuiietiuauaugalunisiags mndurinsieuiie
UsgAnSnwn1sines vetudartuneun1siieiy inkan1saiiueunui nssuiunsiadaneuriinig
UsuusaiiinuUseAvsnwedi 51.13 wasidud ndansufulgadiaussaniaimsindu 55.63 Auszansam
TunsuftRanudfiadu 4.5 wWesifud Feiluinsuiudpinssuaunisnmsfiadeazsiliusvs iamuda

ANNANT AL Es g Ul AL SOAN UL TR L HLI Y
AdAgY : NsUsuURINERRRLmediansindeulmuaziia Ussaunudousgiien

ABSTRACT

This paper aim to improve the installation methods and increase the performance for Sliding Aluminium
Door and Glass in order to be the good quality, installation in rapidly from company case study by
applying the motion and time study, installation process line balancing and design the receiver for lock set
of the sliding door. The step of process started from studied the sliding door installation process, gathering
the “works process and reducing unnecessary and duplicate of work process on site, establishing
standardized time for balancing the installation process, compare the efficiency and variances distribution
of each process. From the result before applied new method we founded that the installation process has
had the efficiency at 51.13 percent and after we used the new method we founded that the installation
process efficiency has been increased to 55.63 percent, the work process efficiency has been improved to
4.5 percent. Unless there are the improvement installation process, it makes they will be work delay and
cannot be hand over the works in time by schedule planning.

Keyword : Improvement Installation, Motion and Time  Study, Sliding  Aluminium  Door
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3. NaN15798 (Results)
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ANSIWAIUIBNUL ATIUANSEAUATS luAdmsUN1sAnUInRMg U Tusun R

Development of cemented tungsten carbide for rough milling machine

A91YNS NN , ANTAU WUATYE U‘%cuzu ‘umnu‘w%
auivAmnssumsdinnisgranvnssuiiionudsdy
AMLIFINTIUAERNS UINedumaluladNvuInanTEuns
1381 auuUsE5 1905 1 lUNUNT NIMIAIMIUAT 10800

rscb.sarayut@email.com

UNANED

miAfedifunstaundafasiusudafiuudasludiifvuadiousin SEKNI203AFTN iewfiuengns
19971 dusunisinuiaRme U (Rough machine) Tusiuuinut (Face milling machine) Tnglwiavau
(Flank) fiftufvdudaanaufionsauudausmesnuda iosmnanssedulissiunisivadeuludmalin
nunazaudaiinufouazauanas dsnsiadeuunnsiisluanifu fvavdaasunisivavesasndeiiu
(Coolant) wazanussidaanu (Friction force) nausingiegnsligruiutu (Life Time) fova 26.31
nsdusziitouanas (Vibration) MnHanITimszinufidssanat (Decibel) fovar 35 uavtusuiinand
ATAMEURIanad (Surface Roughness) $auaz 62.79 faunanfusiniauimaudengmslfouiiingu
Feanusathlglumsndnlugpavnssusioly

ArdAey (Key word): Fuudvisanunislug; Anmeny; awnunislus; a1gnsldany; amnumeuiia

Abstract

Carbide Insert product development of this research equivalent to standard insert type :
SEKN1203AFTN. For the higher.operating efficiency is the machining time by the tool life increased for
rough machine of face milling-machine. Flank designed to have a flow slot coolant , flow rate of coolant
to have a incrased convenient flow as a result, the surface and cutting edges less heat. The machining
ability is different compared to the unslot in flank. The flank slot reduces the contact and slot, which to
have coolant flow and-friction force milling machining. As a result the milling time was 26.31%, the
vibration was reduced by 35% and the workpiece surface Roughness was reduced 62.79%. As a result to
development the phototype product is performance in using and cutting edge increased. It can be apply
in using Cement Tungsten Carbide in sustainable industries.

Key word: Cementcarbide; Rough machine; Tungsten Carbide; Tool Life; Surface Roughness
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1.uni (Introduction)
miﬂ’wmqmammsuNﬁm%udauiawmmu%aqn
(Hard metals) s Judasinsiauinseuiunissiuifa
Sanguiviartanuanslufifondnlavenslitiau i
winzaudmsunsiluldau Ineansaudnuusug
Tanzludu aun 3US19 MansEatsuazAmUIas 99
fisvsnaseautivostududuudasluslagany
ANULTa (Hardness) Audumiunsanvse Judu
fndnlugramnsautudnlonsmuudegedinisileda
langnananuasiunaniaeduunasluanaul e
Tilanndu (1] Falanenaisanuansludslaiadiulng
Uspgndlddmiumanantudiulavganuudegs (Hard
metals) Antduspsay 72 USununisuslaanisainuans
ludvalanUszunn 59,000 dusieTusznausie glsy
uslaa 17,000 Aumey Juuilam 16,000 Aused
ansgeisnUseaa 10,000 fiusiat ﬁfjﬁu 5,000 Auma
U Sgideuazduie 4,000 fusiel wasinudlduilag
aamuaslua 3,000 Ausiel [2] Jagdumisiivlaly
éfm’qmmmﬁumwé‘m%udwuamﬂﬂmﬁsﬁaLfJu
gnavnssuiugiudfey daaiesiledaildtudilng
anidransrsUszmeldidudivaunin wazdisirgs
‘%"wm{]z:y‘vmﬁaﬂén%v‘fﬂﬁ@:ﬂisﬂaumw%;ﬁ%mu
melulszinaldauisafivsndaldeuesld suiilii
goydesunulunisdidiandisdsena ilviAeany
a1 f51a1ge Fadudgymdmiviussaeunisdu
ath98s wuflnduusiaslumduiisesnasdmiunissa
dou Weswndinuwdazanudmunisinusels
pg1ailUszAnsamuinniddnUsziandu las
UssavEnmnnsinaumdaiiduiussswinaadesilonas
Fusnu Weawudulansinldonlaeldfuegie
wnsvatelugnaImnesun1siukasoInIALas
qmamﬂsimmwmsﬂiwmﬂ%’!wﬁwmﬁaaLmuﬁiﬂu
AMSHARTILURATSlUAUS aTaeuASluR (WC) Heway
aslusdauiildfuegraunsuanglunisiiaiesiedn
wazindeadielumsiiumiles iedesilorndn Judiudian
MIOUALNTLAUNTIZANLLIIGIMaZFUINUNSEnrTe
ANABULNAIGINALIAIUNUNIUFDNTAANT DUV
sl wineaeuarnananmilesluysemadudu
Susuusnvaslanandu 81.61% veswondsaantiilan
591 87,000 Aulud 2015 [3] Nsdeen@iaunasiun,
Fanisainy, @ulovisanuuasnanfusindyangadu o
TuuUsginafuiliiies 38.32% voayanA1n1sdsean
AR el 2015 dnduiidudiunis
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ilesanamnm Wy ArwuIans, mnuaziden) ves
Tgau Wy WO) ﬁ@mﬂwwﬁw [4] ANABINTITAINTU
Weanuldiintu luvasiinsiasgivlnuszsdlag
wisdnsnisnanusisanuiidesndn 5% Tul 2553-
2558 [3] meldaanunisalil nssluairvvesiiaay
nanerluunasddgvesguniurivamuvadlan Ysune
193153 leAariiamuveselsiulssananduivousy
Anu 59% vesmsuslaanavian uay 24% vesALaag
yadlan[3]  egelsinululssnaduiiiios 10% 19
oyavianun (AM, 2016) ileifleufuiidaintauan
visamuvedlaniigs ananvnssunsslaalulsymaiy
Hugnamnssuitdslivszavanndiie Feuszauiv
Amzuafivmsdanaden linassludasgluszdusm
(4]

Yadefifnasreanssouznsidnuvesuiuiindiuus
Astun laun vlavesiidszay Usunalausad vuie
VDUATU NITNTTAWVTIVUIALNTUY VSN SENY
ve3uiina1slun uazimatinnszurun1sndnaislunves
fwdm Uinanvedlavead Wuledefidrdglunisuds
insasnflud minldusunuvesddavoadgetuayld
Fanaaislunsouas inlimunisanuseladey vua
insu desasiernuudalagnse insudaudnaruudedgs
Turaedinsuvesanslusuunelvaasliunsanssunn
16findn (n5.35Rw5 Tsautiud medvdmnssuadesile
wardan, ANLIAINTIUAIENT, In1Ing1dumalulad
WILIDUNAITUYT) [5]

wiAnudRRnge sa5C 1Humdnnddifansueu
Dusawaundn feuandiddlunaiediu faaany
wdause anumider anuunss uaziisiaign wenani
Seanunsavhmssuguiiterivaudauararuudoss
16 fhodedunaunaaiveandnnan (6]

aSunensAnuniadvsnavesdulsiidnasenin
vyszirlunsiaunimdmanuifusisiedaanslus
iloUszyndltlugnamnssundausifiaurinanadinuay
qmammimmswam%umuﬁ'u 7 MAgates Tannaass
Dumdnvhudfiad 1nse S50C ANuLdeegszning 280-
325 HB lHiaTesrinAssnlusfi e Obraeci Stroje Ju
Fav 32 idlafiaanslud 8%e Iscar  wuu SEKT
1204AFR-HM tadelunismmasaUsynoume mnuisa
50U on31tou warAudnlunisia 91NA1TVAADY
Wesunuarudn lifinasermmuannudnluns
fapdiily 0.5 wy. annIneassmuidadefidmane
ANUTFVIERT Ao dnsrlou wazausiseu laedl
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winltuidleldsnsdousiuaznsiiuanusseulss
guufinavilfenaumgussinanas (7
dnswavesduuslunisinareidninanslua
wdeuialmilleneglidenlulasduuvinuaedvn
wui1 anudadniinasienisdnvseveadafinuniian
soeasu1fe sns1deu wazarudnlunisia Aad
wanzaudefiansangiunisinnseveadaiinie
ALSIEA 100 wns/und ens1teu 0.1 Saduns/ilu
wazAUENtUNITAR 0.6 Tafiuns dmsudununIsHEn
mﬁmmzauﬁqmﬁa AUSIRA 100 1AT/UT BRST
Jou 0.1 Tadwwns/#u wazauanlunisia 1.0
fadns Wduunsuanisiian (8]
svinavewnuslunisuaulszauiiinasonny
Frumunsadoulusesnesenitandnndinisueus
SR SS400 Auvtsamumislun  (WC) Ingldlangidu
¥ia Si CD1050-5M Baduusfiiansanisznaudie
gauniiLaziiayinImeasaLuuwlavaya 32 a
20991 3 A%1 warSeufsuAAuEumuLsLdou
sgwinensuauyszanuluminiglausseniaundny
nsuaudszarulumniglaussennie [9] Lﬁ'aﬁﬁaga
113A5129iAULUSUTIU (ANOVA) fissdutiaddey O
= 0.05 KANUI QUNNIHNBNENAABAIANUAIUNIULTY
Fou nomsuaulszaufigungl  790°C  aneld
UsseIneesneuliAIANi UL IIlouEan [10]
AT URAR A uTsaauASlun lulsemalne
ﬁsﬂ%’mémﬁm%maa@mémﬁﬁ%atﬁmuazLﬁu;@:ﬁwm
9AAINNTINLATBTTBAALTU KYOCERA SECO uat
SANDVIK istutiterfuniswaiiwansausiusuiinns
luagnsuldanuneludssmalasnwiusednsnin
A5l nSEAnwl LRulnA1sluAsa SEKN1203
AFTN ImJLLBjuﬁm%LuuﬁmﬂUémsﬁmﬂﬁwﬁmﬁﬁ%m?{m
fFodiniinuiednaigs lnsmsiaundunieluussima
tuazfuusdlowiogsdasie
9IARSHAZIIEIUTLAEIT 09 AAOAIULUTLNOUNTT
wazldnu Sazannsofiondiedidogadadu
M5Isedsdnvwandusiuiuiaaislugdmsy
n1sfnUnRe1uTunsin InewmuIyNauToHY
fndifiuiinsduiafiatunuanas wlerineng sl
YDIANAA lAAALSIFIATIU LAZanAINSDUUSLINAL
in BedanalForgmsldauvssnudaiiutu uazina
NNSANYILIANANDDNUUUNAIUINAANUNAULUULELTA
Faudaslusafiuszanganlunsiaffienisldau
Tugnanmnssuegsdsdusield
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2. 35n15998 (Research Methodology)

MINALINARS U LUTnA1SluRSTE SEKN1203
AFTN [11] nadeusieia3asiiads CNC Hurco Model:
VM1P Serial No.VM1P-06311018 AKA @1315095U1%
FunoumsITels sl

[ﬁﬁwﬁyuwauwaaLLduﬁﬂ SEKN1203 AFTN 910618819 A—D}

[

v v

AnTzipmauvausuiia ‘

Anszinmslvavasansnaedulumsindeu

l l

!
A2

panuuUIBmMauLariustuduavekuiiam Sludlvl

’ nAnwHudnTEaun st ‘

v

’ yaassindouman sa5C ‘

ASIVADULAZIATIING No

mMaimuusuiinaslus

#@3UnaN1MAADY

AN 1 TURBUNNTEONLUVITULHUTATLUAASlUR

Anwumvauvetruiavivanuanslud SEKN1203
AFTN 9UUHUIIANIATFIUAI0E79 A-D Inen1sAnyisy
finidounazyuvauvesuruiiafidvina wazduuslu
MSAATUUWEN SA5C LilernaLasTaTiRALusY
fau1nsgruuteenwuuiauINEn Sunsuwuulng
dwsuniseenuuuyuraulinduses (Slot) \ieannns
FuiawduiiafuRatuaunazarsnasifuluaniuiiy
aunsaanAutousEHIneNsFnLdoutucy daali
ognsldrudiuiu

nsuanusuiinTsamunSlugivaulg 91
miaamwmgwauﬁﬂui'm Tngaviisaauasluniy
3UvDIWa (RTP : Ready To Press) PfiUuaiany
(W) Seway 80.5 uazUsunulauean (Co) Sovay 9.5
(Grain size 3.0 um) ﬁwmé“mﬁ'ﬁugﬂmmguiwwaaLLajﬂuﬁ
$101030980 (Press)  wdhdunuitldeunin fae
m'%laaaumﬁﬂngzmmﬂ (Sintering) 1Jutaan 12 Flaa
dleldgusuitoundnudaiiunaanunuiwdy
(Spec. 13.00 g/cm’) Sountuny waziamauuds
(Spec.90.4 HRA) antiurhnsisesselufiminuassos
Slot auvuaiilavhnisesnuuulimefiumes



THE FEDERATION OF THAI INDUSTRIES
WATER AND ENVIRONMENT INSTITUTE FOR SUSTAINABILITY

AW

SIME

BDBWEIS

AINAFBUNTITAALABU Nnuan1TNndaulagly
FUIUMEN SA5C UM 45x300x124 Tadluns §ae
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deornemuianduszeeng (wWes) , Anudadssinain
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mstrauududiadnenudemesdimuandusiede
(ATUA) LazANUNLIURD TAANASIYLadaInaA1IAY
astBen 0.001 TadWns aNWIUATUIULEIE UM (b
m) wensnaaeunaznsTanadulumudeulysing
LAIRIIINITIIUTIUNANITNARDIVDILNULANINTFIU
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3. Nan15398 (Results)
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fadusanasiosay 35 Lavilanuneiuinanadiesas
62.79 Fedunanisvageuiinadnstasuszansua
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Insert

Speed
(RPIM)

Feed

(m/min)

Life
Time

(mir)

Sound
(DB)

Tool
Life

(m.)

Surface
Roughness

(pm)

Hardness

(HRA)

600

120

95 min

100

11.40

24

S0

600

120

95 min

101

1140

22

91

600

120

95 min

95

11.40

22

88.5

600

120

95 min

104

1140

18

S0

mlol M| @] =

600

120

120 rin

65

14.40

3
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AnRmthasluduasgiu AD Miluuduiinannsgud
WAwtuINEsUszwe T Ussmeation Usgmadiiu
Wudu wazunuilafidruniswauiladiieldau
Aelulszing nan1sAnwInudn wiuiianslud A
A21L5258U 600 rpm  8ns1teu 120 wasdound 14
nafia 95 uiit Aaldszoynn 11.60 was Aruaud
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AMSEU 24 TuATeu AMULTY 90 HRA AI1LAIBS
Fowazvageu 100 wdua uiudnislus B innuisa
50U 600 rpm 8n51tau 120 WasaAeud 1Hania 95
Wit Anldszaems 11.40 wWas Adunuiaueu 22
lunsau ANUKTS 91 HRA ANUAIBLEEENAZDY
101 wdva wiudinnslud C Ainnunsasou 600 rpm
ons1Uou 120 wasaeund laiaiin 95 uil nale
SyaEne 11.40 wes Adunuilaudeu 22 luasou
ALY 88.5 HRA ANNFIYBLALIUUENAGDU 195
wava uwudaslud D finnudaseu 600 80
tou 120 wasaeud 1Haanin 95 unid daldszeznia
11.40 w5 Avunuiianuidey 18lipseu auuds
90 HRA AYUAIYBNLELMENAFay 104 LATLUA Lay
wufinanslug E fidmundvailng Aenuigaseu 600
rom 8as1dou 120 wesaouil 1daadn 95 wil dn
¥szoeme 14.40 wins Avuauiiaudeu 8 lunseu
AMULDA 90.6 HRA AITLAIUBUALUENAFDU 65 LAT
wa

ansvpasuLBasiuiinguudaslug
w Tool life (m.)

w surface Roughness (um)

100 101

B5

24
20 11.4/

o |
A

22
11.4

|
8

22
11.4)

18
11.4

D

14.4

8
ull
.

AN 2 NANTNAADU AVIUNETURY D18NTHEU Lay
ANRAdes vosurulinduuinslunuinsgIuuas
wrusla TN Il

Q@ D) ®

® ® ) (
AR 3 NURITUNUNAGDUANUNLIURD (Surface
Roughness) Miiun1sinuInantauiinduudasiua

INAURIBUY A LARIAIIUNUAEUNNTAR
Aantseunudaduudarsluauinsgiu A nanis
nagouNUin Snvariuintunuduedu lisuideu &
Snvasdusesuuuiinsasinuveasdesie (Tool)
(Surface Roughness 24 pm)

NAUAITUNY B uansiInuauitunisin
Aantsguiuiinduuaa1sluaninsgiu B nanis
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npgeunUIn dnvariuiatunuunduaziuse iy
Juidulas nnusuiseuties (Surface Roughness 22
pm)

INAURITUIY  C uanaRaunuiiIunsin

Aantseunuiadiuuda1sluduinsgiu C #anis
npdeuUNUI dnvariuindunudunduasyudaiu
Juwdulas danusueuties (Surface Roughness 22
Lm)
PMANUAITY D uansinauuiiiIunsRnRant
A LHUTATLUUAAISIUANIATFIU D NANIINAFDY
wun dnvasiuitunuduaduasiudafududy
1As fimnustulseuyunans (Surface Roughness 18
pm)

NN E uansfindusuitnunsiaiam
Frounuilindwudanslusiinauntul £ nansnnaou
WUt dnwariuintusuisesdniesdudulas i
AINTIVSEUNIN (Surface Roughness 8 pm)

4. aAus1una (Discussion)

mMsFmEouTuIULUUR e UEmSUUUArTh
satfuUimsnisdaviednsnisdadonaniiuiulag
nsanmsneaUAsuusudiadeiuidusuengnsldong
FunTudundn nasnmseenuuutrulalasaaui
Uiafmauvesuduilalfduiasuiatusu(Work
piece) Tovawsdnsmnuudusunilondulaiiu Tng
sy liRanauldnwauriduses (Slot). ( kuuitulan
donndasiunisyisesiluvanfieanwsndoaniu s
dnwazvessonudimasueaiy daunsoonuuulug
Y993TeHunnsneiisas(sioy  H%millds 077
1aaluAT MaoRAUBIITEY 4.97 UadlunT Seaung
(Pitch) 1.40 fadlums ANEY 0.30 Aadiuns seefiu
Uanneanausin (Cutting edge) 2.70 Hadluns wag
Satlvpsesiiulan 10.49 Taduns anRIdURETERIN
wuflnuaziusuacdosas 49.15

53 Esudunsimunresenfifinanuuaneg
PUNITOONLUUTBINUUAT INNAN1TNAaBINTIEY
gesunuiiafluszansaiwuarUszansnatiniy
Usznaudie n1sduazifieouanas (Reduce of
Vibration) fiansanlaainnisnsiadeumnunadesanas
Sovay 35 mmzﬁmqmﬂsﬁmmﬁwﬁu ANNAINUIIN
ANARIIAIIUSDUARAY

fattu anufouflanasdiannguiainssuudula
(Huihdudatosas nslvarazainuiouvesaisvae
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W) devasaznsiva (Flow rate) 289 Coolant
dzmanuInnILUUTesdndey [12] 34l nasenisiden
vy (Friction)  UShianisinanas tiunaditinein
Snuaizvetsofindeilas futy ennsdudatesas ns
Tnavesansvaeidulaiiunarmsidsaniuanusouay
Andudoanudeutosafidamuduiusiussiudes
anasaeltsdAgy

ANNELTUSAINa 1Y AN SAnReudUsEaNs AN
1w sasnsdmdulusudeuls (Condition) ws
o1gn1sldnuiutuduiosmiainnisosniuy nsld
ww3nsflowmmiznia(Special  toollun1siaseluses
(Slot) Faudumsiseiiannsafinuataiesiedelios
msldauenununniy eghalsinnnisisedifums
fndeuwndnndein sasc Bgduteyaiiugiulunis
sz uunsdadeuiiatunsnirludszgndldly

anamnIsusaly

5 d@3Una (Conclusion)

NanTINEL e INER SN uTa T usanslug
d1mTud1uin (miling) nsdlAnuiueulingia
SEKN1203AFTN Tagunuiinunsgiuldiailunisined
795 undt IeiszeznlunsiaRad 11.40 wes AU
youdesiiiinannsdadeussning 95-104 wdua i
AMULDITENIN9 88.5 - 91 HRA ﬂ’g%umuﬁmﬂwmu
Aegsendng 18-24 um asulddusuiia@imudaislua
Fauntulnifivssansnmannniusuiioanaisgiui
ogmsldeudiiniu (Lfe  Time) Yovay 26.31 13
duaziiteuanas (Vibration) 91NNANSIAITZRAILAT
\desanad (Decibel) $osay 35 wasunuiinaniinny
nY1URIaAas (Surface  Roughness) 588@y 62.79
annsalinulaegsiuse@nsnmiazann1suNg LN
fadwudarfludandisseinaiiisinigs tive1du
wmdlumsiannganavinssuegisdsdusioly
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Drying of Japanese Pumpkin Slices using Step-Down Convective Air

Temperature
a < o/ 1* < a aa s2 a a a 3
HINY LWWINUYT |, NN BAYY1IAEYY , I3ATT E]&Iﬂ’]‘l.]‘é%l,ﬂiﬁ

1 a a Y] ~ o 2 a a a
A1UIVIAINTTUNMITIANITNAMNTTUNBANNEIBY, ~ @1U1IYIMINTTUATBING
ANEIFINTSUANENS WNINe1denAlulagsvIRanTEUAS
1381 auuUse5MYT 1 WAUNTD NTUNNAUMIUAT 10800

suwit.p@rmutp.ac.th

3 a A a a s a 1Y) a v =
AMAVI@TIINET ANEINEIAIERS U InedemalulagnszaundIuys
126 auUUUTTYIRAA KYIIUMUA LUAYIAT NTUNNY 10140

unfnge
nawAmrsilnnasdiuieisnseuurilneldanmninsiinaearnsztaumssuuiaiitesdndoliarunseld
sumaigald Wesannseuniefigumgigadunauugsnansenuienunmussilnnesouunsts vinls
wAnfauTiAneudemels Fufunuiteilfeltagrasddednuismseuniusuiinvesdiussenne
Soulagldimadausvansefugamad Inefiarsansaunamansvesnisouuriauasannmavemeiinesdiu
msneaesiniunsiaeldiinnosduukumun 1 fadiuns suwneenmadeulnsldinaiiauivansesu
onmgiilutig 65-90 °C WisuiisufuIBMsouNihsenafeufigumniiacg 65 °C lngauurisfiegng
unseitavdenudugainglaiiiu 4.0% §1uuis :nman1mmnaeanyii nndeuluvesiiniseunisg
amaseulngldinaiauiuansedugaingifidnniseuuiigandnisniseuusigeinmaseulneldgungil
At shlldnanluniseuuisdundy meitnnesduiitumsouusisssannmadeulaslfinainyfuanse sy
oaumgfinfouly 90 °C Wunar +4lue mudhie 80 °C Wunan 1 $alus mushe 70 °C 1unan 1 dalus
Lagauiie 65 °C fiddaiuainwesdunnnit uwiaduasuagadivdosinitnsiinnesdiusuusdag
Goulvdu LLazmu‘i%’aﬁﬁaulﬁuﬁmmxamﬁm%’uwammﬁﬂmaqijﬁuﬁamiawﬁﬁ 90 °C 1Wuman 1 Falug
pusae 80 °Cuduleat 1 Halus musne 70 °C lunan 1 9lus wagause 65 °C

[ t%

ﬁﬂé’ﬂﬂzy: ASAULIAINIEDINIASOU; FAUNAFAIEASNITOULIAS; watlansusuanseiugungll; neilnnasdidu

Abstract

The production of Japanese pumpkin powder using constant temperature drying throughout the drying
process is limited. Since high temperature for long drying time affect the quality of the dried pumpkin, the
product will be damaged. Therefore, the objective of this research was to study the drying of Japanese
pumpkin slices using step-down convective air temperature technique. The drying kinetic and the color
quality of Japanese pumpkin powder were considered. The experiments were carried out using the
sample slices of a 1 mm thickness and dried by step-down convective air temperature technique in the
ranges of 65-90 °C compared with a convective air drying method at 65 °C. The final moisture content of

sample is not more than 4.0% dry basis. The results showed that all cases of hot air drying using step-
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down convective air temperature technique were higher than those of hot air drying at constant

temperature, resulting in the short drying time. The Japanese pumpkin powder obtained from drying using

step-down convective air temperature at 90 “C for 1 h followed by 80 °C for 1 h, followed by 70 °C for 1 h

and followed by 65 °C provided higher lightness of color value, but lower in the redness and yellowness

values than the other cases of dried Japanese pumpkin powder. For this research, the optimal conditions

for producing Japanese pumpkin powder were drying at 90 °C for 1 h followed by 80 °C for 1 h, followed

by 70 °C for 1 h and followed by 65 °C.

Key words: Convective air drying; Drying kinetic; Step-down hot air technique; Japanese pumpkin powder

1. umi1 (Introduction)
finnesdiudufividoudgnaunnmaniamioves
Uszinalne iosondanmgfionmaimanzuinis
Wsivln Tnslamsdindedmidoduiuiinins
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\leanniinsdaadusiumsgudimunlasinismad
deuny Inefifnguzasdiiielinunsnsluiesiud
meldmenu wagliuslnnomnsidauamslaruins
¢ 1oseiinneadduiuduundosasivlewnse
TWsAuaunmitdnsnoziludniu ussm wazarsiudi
ualsiurouinegs Sedidrutnglunstosiulsaingg [1]
Foilidagtuilnmesdiufuidesnisvosioanainli
gsfaemisguaimdusdnanin luvmefeviy
nsgvrumIklsgUilmesfiviliAnveadeandudan
vosilnnesitlilfinnsgiuvd etudilhduidesns
yoIgnAINNTURIE Ly Waen win slefniubn way
Hoitnvesiindonnmsdaus \ud Fadunsziy
Aldarelunsdaivuazidavends 91nn15d1599
foyawuiilunsnanilnviesdausaiivesdedoioan
nszUILNsAnudegificiosar 70 Gedalidudianunse
thanuusgthduamslddnunndsiesas 55 Femniae

Wunuwesp R dediiethwesdsmartunlduss el

fuarnfiuniodu IneduuiAnfiosenuuunseuaunis
THsylovianvondefindefisainnszuaunisiauss
invsadiu Inefnwinszuiuniseuniafimunzanly
miwammﬂﬂquﬁﬂu ﬁy’qiﬁaﬁwmﬁﬂmaqzﬁﬂuﬁiﬁm
W dundadasionmsTildiunauainiinnesuin
fiaauazldingAuiinildirelusiosiu uazdniden
wanfausiemmsiianunsauilaaldvos Wy Wdumac
Usanngiauanitnnesdiu Wusu [2]

Bnseuwisinuaznaldlaeiluldomumgilunis
auwisAautwN (60-70 “C) ualdgmumalinsiinaoni
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agalsinumnldaamgiilunisevuwnsgauiuliagyili
wAnSousiiidndn Selaifuiifeanisvesiuilan fadu
Sn1seuunenlgeinadseulaldinaianisusvan
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wainnseuurs Tnenseuwiadneisitsanssesnanly
mMssuwiadlauazanunsosnwauAmItaruINIsves
nAnSausiganseuusld [3-4] 9nnisvaasatesdy
wuhmseuwisiinnesdgusnsonadeulasldinaie
n1sUsuanguniildiaanlunseuuiianasiesas 40
dlewseufisusuiiniseunisdaseiniadoulaeld
sedugmungined Tnefidafnwinmuaindiudves
NANSUTIVIN1TOURAI LA

IMntefvefinandeiy fuiuiuideiae
TguszasdiieAnwiniseuuisusiuiinnesdyus
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fumseuuiissngemadeuiigumgiia TagRiarsan
FAUNAAIAASVDINITOULIILALAMNINNIIAUEVD
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2. FBMIARTUIUINY
2.1 g
mﬂﬂmaﬂmﬂwlmummﬂenL‘Uaimnﬂmﬂamﬂaaﬂ
Ko udnuazidediuiiiafumdnoon anduthdau
maaLuaﬂﬂmaamVQuwuLﬂuLmumwmmmum 1
fadiuns neidefinnesdiuitldfauduiudy
Uszanad 403.5-493.3% §IUUIA ntuthusuiinnes
Juuinionlieuuriesigeiniafouiieulusieg



MUTERININMILaEIEUOHNANUNN AN
9 1Y) oA & = o =
WIANTIN LAYNNTINNTANUNTINBYNEIBU AT 7 UszdU 2561

'3

SIME

HBWEIS

THE FEDERATION OF THAI INDUSTRIES
WATER AND ENVIRONMENT INSTITUTE FOR SUSTAINABILITY

Junseaiiegelinnduanyneliiu 4.0% giuui
Fusuauisedlunisauniawsazidaulunisnaaasly
fpgantuunUsyanad 15041 NS

2.2 aunsal

Aouauiouwuuain (MEMMERT, Ju memmert-
UNE/UFE, Germany) Lﬁuqﬂﬂiaim%ﬁm%’umiamﬁa
Wﬂwaa@ﬁﬂu éﬁ’mam‘lugﬂﬁ 1 YUIAAINNVBIG VAN
ZouUszana 53 ans anunsasdunseunidldasay 4
019 wazUFudagangionnimfeuldlutag 40 °C-250
°C FafiArmnugnies x0.5 °C flszuuiemennia
Ventilation ngluiesgouansou waznismunuiy
wuUU LED (Digital Display)

A 1 dnyaizresgauaNTauLUUNA

2.3 mamautuvasiinnosdiu
nsmATuENF LAY AL TYaRThevasTinTes
mﬁ"]Lﬁum'ﬁimaﬁw&ha&hmﬁmﬂu%mﬁm NI9UN
THazidoauszanm 58 (n3udaziidgeuanioud
gamgil 103 °C (MEMMERT, 3u memmert-UNE/UFE,
Germany) tJuran3 99lua [5] 393 Inaase
Wisuleuldiuiguinsgiu AOAC [6] Tasdiminu
aaaLadoulidiiu 5%
ﬁm%"ué’miwa'aumm%yuﬁuaaLl,rziuﬁﬂmﬁﬁﬂu

(Moisture ratio; MR) @1115avl@anaunis (1)

ol

o
o

_ Mt -Me
Mg -Me

MR

e

M, o autuvesiinvesdiuluvaseunid
1alee), ke/kg (FIUKIA)

M, fo mm%utf%'mﬁwaaﬁﬂmqgﬁﬂu, kg/kg (511
W9A9)

M. A8 ANuTuaNnaveukuiinnagUy, ke/kg
CRITZA)

BnIINNTBUAVDINNNDIY YU UL (Drying rate;
DR) @1m1saulaainaunis (2)

dMm,
DR=-—t

dt

(2)

Wie
DR A9 8n3IN190ULuiuiinnoddy, kg
water/kg dry matter s

t A9 nanlunISauLAY, s

2.4 FFNMAGDY
Bsvaasseturaiuiinnesfusseiniaou
lngldinallaUuanseivgumgiidniiunismenisida
Fovaufeunuuanaunsedlagumaivesennieldmy
Heoulaficwn aniuiusiuiinnesdiuiivdeling
3eqULNAALALAA TR 30x30  cm’ Lilémin
st nduhameiiedesegdliudndngeu
aufou Insnseuwiasiuiinnesdgiusinimaueulas
THnedausuanszsugamaisniunsigumgionna
$oulute 65-90 °C Tagauuisaunseiisiogiamie
Aratiugarelaifu 4.0% suuis dmsuisniseuns
TuwsazFoulunaassuanduniseil 1 dwmdunis
Wasuuasnuduresiossluraseuuiaaninsom
#nlaensiaiaussaiaegeanandaiintingng
30 U9l Sr8LAIeTeti N nLUUAInea (Sartorius,
model CP3202S, Germany) #A113gNAee + 0.01 N3
Tnsntsnaassudaziiouluduiunismnassn 3 ads
uazALadeliiTIBnURE

A1519% 1 WNseunrisHuiinvesdy

ABNITOULIAS AUV
HA65 nseuwsshsemaseuiionmad 65 °C
HA90_1h/HAB0 | mseuussshsenmaseudigamail 90 °C
1h/HAT0 e 1 2lus aude 80 °C e

1 4lus mmse 70 °C

nseuwisheamaseuiigauugd 90 °C
Wunan 1 4lus anusie 80 °C Wunan
1 F3lus mudae 70 °C Wunan 1 $alus
LALANNAEY 65 °C

HA90 1h/ HA80
1h/HAT0_1h/HA
65

v v v a a o
mMssuwisieanAseuiiaamgll 90 °C
Wunan 1.5 $3lus wazausie 70 °C

HA90 1.5h/HAT
0
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v v £ a a o
MIpuWiIEaINASeuTigaumall 90 °C
Wuaan 1.5 alus anudne 80 °C 1u
nan 1.5 9alas wavausiy 65 °C

HA90 1.5h/HA8
0_1.5h/HA65

2.5 MINAHIUAMNINAIUE

nstndvesiinnosdiuovuisluauidedn
F9819NUA LAz I IALAZTOUNIUAZLATIVUIA 60 LI
AeuwdaderluTaA1ddasiaios Colorimeter
(HunterLab, ColorFlex, UK) sagszuunisindwuu CIE
TnefaAndunuu L, a way b 391 L Ao Annuainaves
199 (0 /N, 100 Y1) a AD ANEWAYATET (+ WA, - 1WE)
WazAl b e AEmdeyaAntu (+ Aes, - 1)
aegslsfinuneusuduindvesiiegefesaouiiou
\A304 Colorimeter ﬁ’wsiuﬁmmgmﬁ%miu%ﬁwLLas
uiuArnaneun1snaannase luauisedianig
noaeuiadvasiinvesdunsdn 3 ade luusdasdouly
Msneae uwazALadeTiliinTsnuNa

2.6 NMSAATIUNIERR

msleseiteyasadfdmiunuideifianun
Mndeyarrdvemsilnnesdu lasnsiaszsinig
wUsUTU (ANOVA)  LagluSaulfiguninulanmnues
Auadelneldds Duncan’s New Multiple range test
felusunsy SPSS T,mssﬁaaﬂamﬂmiwmaanﬁlﬁﬁﬂmm
ARdgiiofiarsananuLanAisysuanuLTstusey
Ay 95

3. NAN1TIY
3.1 Sauwarmansvaanseuwiaiuinvaadu
NsAN¥IIAUNAAIANIYDINITOURTILNUTNTIDY
Jiu lumadeiidefonasdiuiamutuiufuoglu
581114 405,2-441.9% Ul Inga1dunisouwna
svendseulngldinalinuiuansedugamgiiuay
ouwismenufeufigungiindfinuianiinnutugarine
LaitAu 4% UL FAUNAAIANTUDINITOULIAILNY
flnnesgiusiserniadeulnelfinadauivanszsy
paungfifiteuluniseuurissine Wisuifisuiunis
suuifsamAseufigumglinsiuansunmil 2 910
NAN1INARBINUIY NMTBULKIURUTinnesdiusiae
omasoulngliinaiiauivanszdugumgfifiteuls 90
°C e 1.5 Falus s 80 °C 1Hunan 15
dalus wazausae 65 °C, Wouly 90 °C 1Huan 1
Falua paghae 80 °C 1Wurian 1 2l awsne 70 °C
Wunan 1 4l wazamse 65 °C waziteuly 90 °C
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Wunan 1 9lus audhe 80 °C Wuan 1 4lus ana
Fap 70 °C ImaiBsuuasdamaiunnutulsiunnsig
iy villdiaanluniseuuiasingy fie 240 W19 uall
nsABuuaTd eI sdinIse UL
sheemaserlagliinaiauiuanszivgnmgiinitouly
90 °C 1Huan 1.5 alug uagmudg 70 °C uagnns
suLsfgeInadeuiigamniine 65 °C audidy
\deaninnisliennimeuuisifigamgiigelutasiusn
LaztaTideseInszUILNToUiLlua U FaEs
Taruduitegnelutagunsoenaintanateriniis
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4. a3Una
nsdnwinavesisulunisouuieiifive
FAUNAAIAATVDINITOULIIUALAMAINEVBINTNNBY
FUuirhunseuwiusuiinnesduseenadoulas
lHmatinUTuanseavgaumiiuSeuiieuiunseuunie
fveniadeuiigungiinei wuin Bnseunsieiog
onafeulngliinaiauivansefugamninnitouly
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ssuns adedl 3, wh 300-303, 2561,

2] S. P. and R.

Impaprasert, “Effects of Drying Temperatures

Paengkanya, Jumnongphan,

and Pretreatment Conditions on the Drying
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Kinetic and Color Quality of Japanese Pumpkin
Powder obtained from Hot Air Drying”, 10"
International ~ Conference

on Sciences,

Technology and Innovation for Sustainable
Well-Being (STISWB 2018) Vientiane, Lao PDR.
July 11th -13th, pp.65-69, 2018.
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102-111, 2559.
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steaming time on quality attributes of fat free
banana snack obtained from drying process
including fluidized bed puffin”, Journal of Food
Science and Technology, Vol. 53, pp. 946-955,
2016.
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Official Methods of Analysis of the AOAC
International, 16th ed., Gaithersburg, MD., 1995.

Chemists



THE FEDERATION OF THAI INDUSTRIES

WATER AND

@W @ I S M ‘M‘ MsUsEyIvINsLaglauaNanUNIImMNTIL

SIME WINNTIN UarN13INNTTENENNTTNRE Y ATIN 7 Usednd 2561

ENVIRONMENT INSTITUTE FOR SUSTAINABILITY

HavaIn1sldilarinnasgdusiaaudanisnieninvasloAnuinagunw
Effects of Japanese Pumpkin Flesh on Physical Properties of Healthy Ice

Cream
s 1 a (4 s 2 a a a 1%
UFUNUS §2550U319A7 , §ING unwanuen’, 351 BuAUTELES]
" eingavinen angivenmans aninendomeluladnszasaundisuys

126 auuUSEVIRTA LYIUUA LIAYNAT NF8NNY 10140

rarisara.imp@mail.kmutt.ac.th

2 a a o PRy o A
41U IAINTTUNTINNTEMAMNTTUHOANUEIEY
ANEIAINTTUANANS UMNINLIDUNAIULATTIVUIAANTEUAT
1381 auUUTETIMYT 1 WAUNTD NTLNNUMIUAT 10800

UNAnga
am%{faﬁylﬂumsﬁﬂLﬂwmﬁaﬁwaqﬁmnaﬂzjﬁumﬂiiwuLLUigUWmnaﬂzﬁjﬁuﬁmu&iwﬂ%ﬁaﬁwmqm
wanSustloaniulusiusth IneAnvinavesuTinadofinnesdudenmnmyanisnn Idun & a1 umia
ALY RTINTaTaIY é’mswmiéﬁuvj (%O0verrun) uwazdsuiiiunuanvuznIUTEaMAURAvINan ol
laﬂﬂ‘iuﬁﬁﬂmauLﬁaﬁﬂm@ﬂﬂuﬂ%mm%’aaax 30 35 Uaw 40 HavedeunuIndlefimafintuvesyiina
fnmesdsmaliinuammaniesninludu 3 aruviis Aanuuds Snanisazas uar %Overrun fAuiudy
oeslltBd Ay (p<0.05) %ﬂﬂﬂﬂ%’ﬁ@ﬁﬂwa@ﬁﬁ%as 40 1(51’%%%LLuummﬁawdﬁ]mﬂﬁqﬂiuﬁmﬁﬂwmz
Usnguagiodua

AedAey: finnesiUy; laansy; luguna; dnsinisvusy

Abstract

This research aims to use wastes from Japanese pumpkin trimming process for development of low fat ice
cream product. Effects-of Japanese pumpkin flesh content (30, 35, and 40%) on physical properties of low
fat ice cream. was studied in term of color, viscosity, hardness, melting rate and %overrun including
sensory evaluation were studied. The result indicated that the physical properties in term of color,
viscosity, hardness, melting rate and %overrun was significantly increased (p<0.05) when increasing
Japanese pumpkin flesh content. Using 40% of Japanese pumpkin flesh has been accepted from most of

the taste panel in terms of appearance and texture properties.

Key words: Japanese pumpkin; Ice cream; Low fat; Overrun

155



BWEIS

THE FEDERATION OF THAI INDUSTRIES

WATER AND

Y

SIME

ENVIRONMENT INSTITUTE FOR SUSTAINABILITY

1. uni1 (Introduction)
Jayinwulugnanvinssunsudssusandasing
MSNEATAD NMaAnANARTIINNTEUIN TR ARS
ilofnqunmuagLitol i zaufunszuIun1sHan
warus3y MlkAnveadonazifivalddnglunsidn
nildlureudoainnszurunisuusgundndueinig
maineasithala Ae finvesdiu Gmuhilauimde
fsannmanszuiunsiausenieiosay 50 daildnd
viedgusrsliminansuddefinadinidayuinis
Asuiu lnodulnawesenslulanse active proteins,
nanezdludndu ussnm wu Weanesa uaaley uazd
anstudualsiiu Aaudnaas fredeatulsauss wén
finnestiedesiuldlineugnuunnls Jesiuuazsnw
Tsaia dosdulsauimiu Tsaauduladings (1)
finnesiivTunauuaualsiiu (B-carotene) og5ENINg
3.3 897.6 me/100 ¢ wwtinan Usunanuduelsiiu
dutulussninsniafuinw fedtuegfuaneiugues
flomea [2] Faudualsiuduiusiunisanlonialunis
Anlsaluay uenainiinmsuilnaiinves wudiaansn
nszfunvdadugiu dethemunuszduinaluien
Josdulsaniuduladn Urgedu le ot wazdie
afrawadlminaunuradiiianglulivinauegied
UsgAvsnm (3] SuRndunndnfivsihvesdeiiiaty
dhnaunnDundnsusifianansoadene il
inwasnstUgnilnvesdiuu
Toanandunilslundnfasiundifiadiuvainuany
og1an fimsUsulguarimungasedeseiles laid
awfu 4 ndu sa eduia uagsanluisingiuiilily
nsudn ieliidrfugAassuagneuaussdeniy
foin1svesduilaa ogalsiniuesduszneundnues
lonFasinilunia uudn uuke 1y we viens? Gad
anautiidleansuiidevuuasfidodudadia sou
doagluuinifiuanusiy uasifiundusadiay wily
vaugidertudsdssaliiviunaluiulusaneduinn
Juuazonafinansznuroguamuasfuslaald dedy
delanunsnduusemuleaniuldodnsaunslaniniy
susanaudssnninialsaila Tsedau uas
Anudulafings nsusuupansleansulydusunadluiu
asundsnsnmaniRsudodudalilfTailmnuddny
Juegaunn egnslsiniu (4] wudnisaadsunadludiu
i1 4% lulassadrsveslonndy enadwasonnm
FusnuagUnnguieiledudaveslonnduld fuuis
Feslinsmansiifinuandd iefinisduasigsiansiil
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Anuadeadenuladuinlanaunuadly wwu 1) a1slu
ﬂﬁjumﬂuvl,amm (Carbohydrate based fat replacer)
fduanslianunia (Thickener) uazanslianuassa
(Stabilizer) laun wwaglaa (Cellulose) uealanindnsu
(Maltodextrin) iy (Gum) 8uydu (Inulin) uazudadn
U3 (Modified-Starch)  Lanzd1wiuemisiigesiu
mslianudeu wildwunzivemsiidesilunen 2)
a15lungulushu (Protein - based fat replacer) g
TUsAumIUL (Whey protein) TusAuuu (Milk protein)
warlusAuainly (Egg protein) wnngiuaivmsiduda
wazosutiiu uluimansueifiiiunsyuiunis
waweslsd (Pasteurization) witliwigiunansosnd
dealunen waz 3) arslundulusfudaudasili
wiaunuazligndeslagioulusilusianie 1wy
Olestra , Caprenin, ﬁ?ﬁuﬁ%, Salatrim, Dialkyl
(DDM), Esterified
Propoxylated .(“Glycerol (EPG), Sorbestrin L@y
Trialkoxytricarbyllate  (TATCA)  tJudu wungiv
nandugomIsnenazatuIsananuiuslnlile
HaatuimAdeildansmaunuluiulundnsasilorny
1w Bydu [5] utedmurdiad winguauiiadaldain
wladnuniad uagasuenduitawaglaa (CMC) [6]

Dihexadecylmalonate

42 Dextrose Equivalent corn syrup LLaxLﬁusLEJmﬂr;J%"d
(7] Fanudnarursaldnaunuleiuldwazdenadise
Snwarnienteninveslernsy agnalsinudelany
ATohilnnesgunldmaunulusilundn s
lomnsu

AatueuiTelddinguszasdiiofnwinaves
Usunantledlnnasgdudanmuninninianin tawn &

v
[ @ =

aunin anunds Snsinisazate Snsn1sTUY (%
Overrun) wazUseiliunuanyuenUszamMdulaves
nansiadilaansuninisfuliefinves

2. M saniiuauide (Research Methodology)
2.1 nsAnwdasdruiivanzauvesiinnasgu
Tunswanloan3u
yhmsiwToudiunanvedlenniumugnslumsnei 1
a”m%"uLf:a‘ﬂﬂ'vreNiﬁﬁuﬁiﬁmﬂ@uéﬁ’@uuﬂmamwma
1oULNE UudDULIE d1valilosniy 81lnoulLag
Fiadeddml danidianuasaiuamededivdes
ullunsnaass arnduiunaausufusazingn
w3ssduiterilddunausiudwdeeaty vy
anuFeutigunad 80 ssrwaduaduian 30 Jund
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biduiuiiaunseisdiunaniiouvglanasnde 10
asrnwada thludumensestuiigamgiiinndi 2.2
asrwadualuigl 20 wi Mnuuiinldnivusud,
o 1A L2 @ o '
lugnvowmdudaduian 24 Hilus feun1svaaey

A15199 1 drunauvedladnsunktunsNngEaU

Ingredient Control 30% . 3% ) 0% )
Pumpkin | Pumpkin | Pumpkin

Low fat milk 46.65 42.32 36.78 31.52
Whipping 32.50 11.11 11.11 11.11
cream
Skim milk 5.20 8.35 8.88 9.14
powder
Sugar 12.00 8.0 8.0 8.0
Guar gum 0.65 0.22 0.22 0.22
Pumpkin - 30 35 40
flesh
total 100 100 100 100

AnwiAunIMNIIN BN INURINERAtuailornIu
lown & (Hunter Lab, ColourQuest XE) auniin
(Brookfield Rotational Viscometer, Atago) AT
(Texture Analyzer, TAXT-plus, Stable Micro System,
UK) 8n51n15azany (Anklasanisves Rosalina et al.
[8] wadhnstun (FaudasanniBues Arbuckle [9)
¥nsNaEeU 3 91 NNNTNARDY FunAShsInn STy
ylneldaunsi (1)

8n31M15%Uy) (% Overrun)
= (thutinleAnsuway— diutinlensy) x 100 (1)
Judnlaansy

UssLliugauanvauenaUseammaulavenandue
A2EITNITNAABULUULTAZLUUAIUTBUAIWE 1 049 5
Az (5-Point Hedonic Scale) Tunudnwazlsing
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3 ndu sawd ideduda n1sazany uazATEUTIY
Tnglduvuasuauiuguslaamludiuan 36 au e
AnzuuLANveUlads andadenuaiwiidivualy
NsNAEU

3. Nan15398 (Results)

Jrnuani1snaasslunind 1 nuiniefinisiiiy
USunasiinnesludiunay demalian L* a* b* ifiugnn
u uenaniiilewlennuma 3 gnsluvinisiarany
wilnlagldimaaeu L3 fianusaseu 100 fpm nwui
frogrsloansudanunilafiuanniu leeamuniingg
Lﬁuqasﬁyumuﬂ%mmﬁﬂwmﬁLﬁ'w‘ﬁu Wlesannnisi
#nnesileaivisas Fatuniseinysunaiinnesdad
Usnailvoims Teddlinaaammiaiiingstu lngagld
sziastum'ifg]m%’uf'lﬁawaiﬁﬁmmwwﬁmmlam’%mﬁ
unay Tusazisafunsifiuusinaiinmesdedunis
dudsunamewddiiunansusidmalileansuiiile
1Ty IeiarernnuLTwosan St wardidma
sontn1sazatslasduualiuiivilinisazaisaes
nanTmFa euusunandeiinnes a1nnns
ARFIEUTISHT NI (% Overrun) Tudiegns
Torn3unuin Wednsiuysunanileiinnesasly ay
eiwaiﬁé’mﬂmisﬁu@Lﬁumﬂﬁuﬁqumwaﬁaﬂﬁﬁlaﬁﬂ%u
fieduailusdinsifuinenmeled miidasofiviily
ﬁhé’mwmi“ﬁuz\l}ﬁuﬁu wildluduinanuinailonesd
udy vildsunamewdafiunnay dealilenIud
\ofuduiy S lFennaauisaunsndunluile
Torn3ulduinduguiu uonanndusunalasiuly
loanFudadudiuuszneviiddey iesandialodu
(Fat globule) agfitnelunsvieviuuazifiuinioserna
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fuslaaliinssensunadudefinnosdiulusdntosi
lorndufisziudosay 40 twiin/Uiung
Tududnwaruing anuSesuiiou ndusa
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Body Melting Overall
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il 2 MsUssiiunudnvuymsUszamnduda (Hedonic Test) vadlornsy

4. d@3Una (Conclusion)
nanmsiieiliimesddunldlunsianansusilonniufiogunmmuinieiinisfiudndiuvesiinres
dwaliireuaing mdmdes Anumiln Aia31uuds (Hardness) uagAdasnstuy (% Overrun) gstu wins
duUGnadefinnesdinalinsavaisana LﬁaamfmWimamm{l,mﬁaﬂﬂwa@ﬂu LLaZﬂ’]‘iLamﬁaﬁﬂma@Qu‘Lu
wanfusilorniuiissiuiosay 40 dwitih/viuns Wugmsivnzanuazldpziuunseeuivinniian

5. inAnssudszne

ugITeveveunsrauausNauilaTINITTAIaulE Urudeulne dualllesing dunsuiuns Jmin
Fedlvad dmsumsadvayuingivililunimaass uasiiussyuesnisuiuisuszimalne (nde) dmduns
atfuayunuitenieldlasinis Innovation Hub-Agriculture & Food Lilead1aiasugiagiuuinnssuvossemany
ulsvigtsanalyi 4.0 Fteidemslivsslsninnaundonnnszuiunsuaniinnesdiuiauds wazveunm
uvningdeialiladnszaomindsugFuazaminedomaluladsvnanssuasiatuayuaniuiiuaziai ssdielu
n5¥198

6. 1ONA158198

(1] grudeyaiividn unAuNYas, finnesdiiu, 8YA3IN  http://www.vegetweb.com. (”uﬁﬁuﬁuﬁﬁmga 17
quieu 2559).

[2] Niewczas J., Szweda D., Mitek M., The content of selected prohealthful components in winter squash
(Cucurbita maxima) fruits. Zywnoéé. Nauka. Technologia. Jakoéé, Vol. 2 (43) Suppl., 147-155 (in Polish,
English abstract), 2005.
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The development of application and command on a closed system of smart

backyard plot
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dnsunsugniivlufiuiisriauasanuansenusioanmgionnmaiuususiu duliinndesmiuggniassisnisa
Usunanislimineinslumsugniivdivuiilesifinansznudednsinis@sgiavlnvesiiv  (Growth  rate)
Tnerfannainunantesuiiionin NodeMCU augiu Android studio @difiuiaiassionldlunsiamnluunsuuey
WAl sy STy Tuﬂ15‘1/%111411;@ﬁwé"qﬁ@uﬁammwLﬂﬁauﬁ (Mobile application) Tunsaiunsuay
dmsudadioudmiunsugninaiuasiszuulndanies Taefinsfinusiiademuauauaiudomnisliminensly
nssivinvesiivusaseie S1e8cUsinanslifmngannnnsensinnunsuarannsel delademanioniu
gamdsuuantinlnuniogunnidiaansediniadeufiannsainmsléitly Jadoaruquuesfisldud guvgd
(Temperature) AY1uAu (Moisture) wagile (Fertitizer) Tnsmsmuauludiinafmnsauiuninatgiuinvesii
uriazviin Jewuin quﬁwél’ﬁiﬁmuﬁj?uﬁu anusriendldluuUasinaun$ias uiiall szuunmsudafieuassieu
Iéfnntiesdusy fudyguvesdumeiiin Gilunsuansmaszudsraniugungl Anutu uasUiuaeld was
defimswasuudasanwernia szutasidadouliiflinu dnsviud vilaansodansfuuvasinaundald
pgamnzay Uszndaningins uatdnnsasiuisamaraninauiiondegludeuiiiedldogiauiads Inefindn
nsysanmsteyaanieietislians (Wireless sensor network) vidameluladivuwesiagdumediinlunnda 7
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Abstract

The aims of the development of application and command on a closed system of smart backyard plot
project are convenient for growing crops in limited areas and reducing the impact of climate variability, in
fact there is no rainy season then resources will be increased as well the plants growth.The project
commands is developed referred to a platform called NodeMCU, it’s linked with Android studio, a tool for
developing high-performance applications. As a conclusion we will set a mobile application to control
and command alarms for smart backyard plot. The control factors are based on the demand for resources
in the growth of each plant, referred to the appropriate usage data from the Ministry of Agriculture and
Cooperatives. This factor is a set of commands on a smartphone or mobile electronic device can be
installed in general. The Plant control factors including to Temperature, Moistureand- Fertilizer. By
controlling the amount suitable for the growth of each plant. The results showed-that the developed
commands set was well used in smart backyard plot. But the notification system:will be highly effective
depending on the signal of the Internet. The display shows the status of temperature, moisture and
fertilizer and when the weather changes, automatically. The system will alert to the user. It’s can handle
the smart backyard plot properly and reduces the use of resources then facilitates the people living in the
city. The project are integrated between data from wireless sensor(networks and sensor technology and

the Internet of Things that installs the command.

Keyword: NodeMCU, Sensor technology, Application,Internet of Things
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voveuRnngAnwnAuiisudonassaulatuinnud
sravanudusalamen

13317

7. 1@na1591989

1 newiaunidy, msldiauvesstmelne, doyasn

http/www dd go.th (Fuiidududiaya 10 Aueneu sseh

drliniAsygianisinuns nsensunyaswazannsel,
fofmizugnluvszinalng nipsu@noesotn

L
Qun

(2]

Y

durutoya 2 Uy 2561)
AUGEITAUNANITINYAT EIUNITULATYEAR
nsnuns, foyafiugiulEsysianisinens,
NIANNA, 2559

selu U8, nisguallanssyuunsy, amine1dy
wialulagvueraaTIu, 2554

530U U8, MIEITIUSIETEUY loT (ntermet of thing),
WINGIREIMALULAEIITNIARAIUN |, 2553
SUATAITIA ITTUNIAATY, Arduino ESPB266 (NodeMCU),
WNINgIREmALULaENTEIRUNATUYT, UL,
a3uns Andissna, LonalsAtdeuantUnenssy
ADUNINBDS, 2560

nsuwaUszNIL, Usinanislithuesdi, 2550


http://www.ldd.go.th/www/lek_web/web.jsp?id=18671
http://www.oae.go.th/assets/portals/1/files/PDF/8-60.pdf
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14 14 v = 1'% 4 [
AatuAuANNSHTElAUIUNAN9YBIUTEMAR BN TNAUIANTIAUL
VBINIWYINTYAAR LUNITETNUINNTTUGANEB VDIV IR LU ARING
Moving across the middle Income Trap by Developing Human Resources

Innovation Competency to Sustainable Country in Digital Era

73.055UuN  UezBusyh
UssMUMUTNIUIHIS danlu Creative Academic School for Lifelong Learning.

E-mail: dr.annop.p@gmail.com

UNANED

unepitiauai s sAauar FesiifesduiiumaitegnUszniglinnaadmsidsaunenseniings
TymanssauglunisudstuvesUsemalnglunilan lngdiavedeyanisinduduaataunsalunisudeiuves
Uszimavilanlng World economic forum (WEF) Faagutulainlunesssuiinisivdeuulamenssuamalulad
yadlaniudeuly Uizmﬁlwaéﬁ’amsﬁagjﬁ’uﬁimmgﬁﬂﬁzwlmﬁauﬁmﬁmiﬁmmﬁﬁﬁﬁumaamL’Jm faanideari
ndumtefundnsuussmalifntuannsdulssmaiifafufnvesussmaisisglduiunans (Middle income
trap) LmewﬁaﬂuaqmiﬁmmLﬁamamﬁumﬂmﬁamﬁuéﬁ’ﬂﬁqﬂdnaé’]ﬁﬁu (Sustainable escaping from middle
income trap) Ao nMswannliiasugRveslstmagniuiad sufeuannssy uinsaziAnuannssaluig lioens
mamaaammuauuﬂmmeﬂmﬂamiwwmmwmﬂwﬂﬂaiwmm’l,mammu gelunsa¥rawinnssy (Human
Innovation) ﬁmLiJume'qwmmMszLﬂuLﬂiaqualuﬂWiﬂuuLﬂaauﬂiumﬂlﬂqﬂiumﬂmmwgmgﬂ‘uuLﬂaaumam
An33 (INnovation-driven economics) Tnei3uduanamiagiugiudeasdnsnie lulssmafidesiauyanains
1uaaﬁnwa1ﬁﬁamaauﬂumaa%ﬁau’;mﬂismqﬁuﬂwn&iaLﬁ'aa%’wsLfJuLmsiTULﬂ?alauiﬂgiaaﬁmﬁﬁﬁamiausgjq (High
performance organization: HPO) ﬁgﬂmﬂ%ﬁ SPaufaLazLeNTU

Addny : AudnvesUsunaniiselatinngns (Middle income trap) aeANISENSIAUYEY (High performance
organization: HPO) wnNTsU (Innovation)
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SIME

1. fvhunemswasuulaseanaluladfiasindy
melud 2022
WEUsSTaIUsTIUE T IUS M SYasUTIN Gartner
Fuduusmfivsnnilasunisueusuilanlainaus
Tus1u Symposium/IT-expo 2017 41 “Uszs1u
Wit usmsansaumavesesdmsUateneiidu
Flémaluladynuisdesdinsimuninigefiagyinli
ssmaianudiuliiaziinnsuasuudasedisls
vouneluladlueuian”  Iagldiuiedsiiasiinns
Wabuwlas 10 Yssmsnnelud e, 2022 & 1]

11 fuslnmsivdsunginssulunmsdedudn
fuslamrasuAsuiinistoves mnmssenluiiuidende

Fuaazusnisudunisliisnisdumaualasldides

1%

WA NINHIUSTUUBUIMBSLTR (Consumers favor visual
and voice search) vhliiuar1veansdevIBRIUTTUY
soulatdifintuindesas 30 Anilagtunielull ae.
2021

1.2 fusgneunsidviasglue) dwau 5 Tu 7
vadlan 1wu Amazon Apple Facebook Way Google
Qzvin1swanlangiies (Digital giants self-disrupt)
nrsnanlansvrildlaeldinaluladiiintulng
aaennal uiilesnniinuennlunisnanladlusadad
Liwedluiieades vidmvarisemmmananiay
Fufuarusnisvesuities efregaihindundaly
afmaInn1sTiusEm Apple  USulamnalulad MP3
Y i-pod Tlugtheguniundnsiast i-phone

13 surmsmidednaszunarfnndigsuy
Cryptocurrencies Vigﬂéfaammgwma (Legitimized
cryptocurrencies) sEUUSUIANTNIEIRE Iz U U DY
YaAIN1IRUNTY 1,000 SuvSeggLeanaaaniannya
Tngsauvianuavilanusyana 1,000,0000 AULVTERYE
lanead$ 11gsu Cryptocurrencies ignaesni
ngu1e (Legitimized el
¥'2020

1.4 tmasdeyadiulvgjuussuudumesdnay
lajﬁaﬂamwm%uﬁmmﬁu (Increased fake news)
melud 2022 USEWeneY Fesflsvuuiiduseansanly
m’néﬂwammm%mswﬁumﬁmﬂiaﬂﬁlﬁﬂmmsﬁgﬂﬁm
figaiietnunlénsununagnnisgsiafiaiunsa
ApUAUDIDANFBIN TS e siuilnn

15 audamsinflonmiiourssuideiiion
Lﬁammﬁamﬁamﬁdﬁasﬂzyagwﬂszﬁwiaummm

cryptocurrencies)
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wnuitvesasauuulsesns (Counterfeit reality, CR,
overtakes reality)

v o a4

FTULARDUNITYIN

@)
EARNRY|
9
a Y a ¥ o

nelul 2020 Ve rUseivga
Wienmileuvednss (luunauifideuasunuiienin
CR) Fstodudsiinnguanemsizidunisueudis s
ATAUATBNARSNTTEeUIN1S FeRzuAne1991NnI3
yhidsuuuuiifinussmadaauinlildvesaialaliss
wAnfariTvideunuuisiedlilldmasnassgpan e
mﬂiuia5{]tyfgwisawﬁﬁ%’u%’aumm%uﬁﬂﬁ R ign
a%qufuﬁaEJ{Jigqmﬂisﬁwiwﬁlﬂmmmgﬂmwaau
Aanuasduvesivieveufisdldudaldinalulad
Javssivginnu CR Tudifonamneddonaraion
fignasrefaudasaulinmuionimidnmilouvesass
W fveseswuuu CR llmgiltaasuulandmvilounns
ahadessnlulanseadin

1.6 Uen(Bots) aenaunuynasluenwdiaduuy
gunsaifiafio/nelul 2021 winninfesas 50 voq
Alddertesrnising s desirelundazUazgnldluly
Sodiieadestu ven wie ulnuen (Chat-bot) s
wpislsunsuneufinneiidldeansinenisaunu
Auuyudlagdnlusifruszuudumesidn ileusslovy
Taimslafivnanis Bot go1197nF137 Robot Sauadn
vuoud Tanmdsiadhguansgavesuenwdinduuy
gunsalilefeiwsnzuonmalatuuugunsaiiiedoasgn
wnufidisvennieufnven druarnafinain
wonnAladuiSudu iesmnuUSinauenndinduiidy
Aunagduslaawmiesiunisinanuenwaiadulday
A Wy Azaesiuesidedduenndindunta az
Sonsaufindfilduennaindunils wsdeveseeuladi
Foadrdnuennaindunis WWudu Fufnfamiuii
vanisaiunsadiarsvuauand@fingialuain
wewnaladusineg mdednluguuuuvenviieudauent
szarursouAdanidenanald Taefvasi i
Facebook Messenger WeChat Way Line fin1suiusn
vseudnuen (Chat bot) unlduayiaulvinnnin
qﬂéﬁumaamm

1.7 yaeansifinnuaiunsaseusuaziiniig
#ean1slupainussnuuInnindyanainsisiam
Fermgiuladiunis (Versatility over
specialization) a8yl 2021 $evay 40 vo i
Hulinvoudoanaluladusstoyatmasimuaaziosd
Advanesu Sdemgiesiunilsinlauazas

wins
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SIME

finifinatenting lnendfidulngagiduntaidu
ns3anTsgIRanInnIenunalulad deyalutagdude
Jowaz 42 voulSuiavaumunaluladuazdoya
Fnasimuaasduiifoydeunaluladuazdoya
RPGRE

1.8 Ugyuszhvg (Artificial  Intelligence: Al)
aeneliiAnnisadsanulmg winadnisdnluunud

@
o

NULAL 9 (Al creates more jobs than It takes) nglu
U 2020 JgyyruseAugaznalviinaiulag Fuun
TesmUszana 2.3 drunuunulSunaauiiluvauny
U 1.8 311U Inen1siin lunaunuauLANaLyin i
UsgavsnnuazUsyaninavesnuiuiuay

19 Bumesidnvesassndsardegililuyn
aﬁ‘w?ﬁ (Internet  of things, 10Ts, in everything)
aelul 2020 Sewaz 95 waluladdumnesidnves
assndsazillunseddsidnnsednduazduiiioanuuy
Tnailulan vilsinsl433nUsz 1 iuvesfaudasuly
Free19 U ta3essenunntelutuazvesnunlag
SaluiRnuddssnedes annsauiugamnivazinan
maamsmmuﬂmﬁmﬁmﬁaqmimﬁumﬂﬁﬁagammm
Aunfisdslngidlnsdndidede wiosninaunsa
srudnvavvendernanuiuinefiinuuded Weusy
ANNsHINSENEIRABAIUNNSIALNST N NI L8
Usuimjunngdnlusi® videiniesusunnaniuluenatsi
Wneaduaiusansiaussfiunisldnunennioses
maamwmmm*uaﬂmiﬂwqﬁ’ﬂwuﬁmﬁuuaz
MuuanaINsssnvmuAmuaRaTlvis s UL
gunInillede

1.10 AMNUBaUAB8YaIUILENTAINAITSAYIANN
Uasadoiintuainivalulassumesidnvesassnas
(IoTs vulnerabilities) nelud 2022 A1
A3 antewdustunalunsnvaie s neesE UL
oTs azgniftluldlunisudlelymvesszuu oTs
Lﬁm%w’%amn‘%sm%mmﬁﬁﬁﬁymﬂﬁummmdﬂﬁwgﬂ
dalUldlunstesiulillmnandgm

security

2/ anudimeannsisuudasvasmalulad
nsiintuvennaluladlvg 9 (Emerging
Technology)  @u3enfuin waluladndnlaulan
(Disruptive  Technology) ﬁﬂﬁLﬁmmﬁéuqmawaa
weluladiduuaz neliAnnsiasuudasguuuunsly
Fnusedriuegraunsafinanunudsluiaded 1 ns
doulostngeng q ideduneldinaluladnig

\WouADUR B UNBSIINYDIATINGS (Internet of things:

171

loTs) aznaialiiinn1susulaunisudsduredlangsna
Tunraenvudusgraunn sziuldanduiugsiad
Antulnigheausiuutios (Startup) FinTuunae
Tuthagiu meldnszuavoanaluladwdnlaslaniing
s uazanintuetieeiiles munspuaniaudndu
vounaluduarainudnadiassdluag fiindy
anuduitusssniamaluladfiAatulndfunisiety
vosgsiafiindulyai (Startup) Tisosonduniswai
AnuAnadNaTIATLaNAN azviioufunistuladeu
vovsasfivauluoglififiduan insznsiauagng
lingndsmeanaluladazsliiansiaunBnsfiay
a¥agshelg wasndndugsieiideginnlvsulguas
WA sEUUaIs sl sElnAveIALAILAT USNITANNLSY
Fuvesnisiasuuvaunaliled TaazviliiAnnsiiia
Y0UTUUYRIEUTENBUATT IUNATENIAEIUYDIgIAA
waranduusmdnauesdmsiulugnisiamnlesdnis
fanuannsaluniudstugeduifiosssannuegsen
09098015 InmssasivlulinnuAnaisassdiiioadns
adlugg ammeluladiviuadefiant uwaruivewu
Yasntafioiingaunveanisudaduresgsafiiniy
Tl (Startup)  L3138n09RN15UsELANET 83hNTS
WyA (Exponential organization) Famuedsesdnisd
fnsimTounisia anunsaufudanovauessienis
WaguuUasldfuagiinnuaiiassdunnit asUfias
Lilgnsifiudannuanunsafanandnudesede
wifnaufifianuaunsainiudenisiasuunya i
Andudaasifntuldfenisimunsusaliaruslity
wﬁmmtﬁaiﬁwhﬁwiamiLU?{EJuLLUaQﬁ?uﬂ

3. wdstuiaAoumilan1saaugu (Uncontrollable
driving force)

UTEN McKinsey Faduusdmivineduthves
lan nd1nfsussduindeuveslan 4 Usznisiieg
usninilen1smunuvekliuLuuAnigyinliAn
nsasuntamanianlan [2] Usenisusn Ao n1s
Anduvendieslvaisialan (Urbanization) azshlsiin
msLﬂ?{aué’haﬁqsﬁalﬂgimamﬁl,ﬁwﬁuim lagusEnuuIn
Inglulanagdredrinaulugludadioda wu 1iles
TmifiAndulusenadu vldgudnarswonasugia
voslanidsugrulvegluinlanazfusenuazdnlanls
Usgn13fiaesdie §n5139U0910U18 YUIA Az
\Aswgnaniinanusmdndureanalulad i
Wasuulasegwmnda fuiluefnmalulad e
drdrfalunisudnsulinianisiuasuwdasuslulan
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SIME

Jagiudimaiaturesnaluladlydesnsiseigenn
ugusananlanainenisgeusuangldauegng
nawnaLagsIngs Uszmsfianuie nsndousives
dndiuvesuszvinsvedlangdenuveddateny (Aging
society) FsaFrausanaduliifuzuiavemnusemaly
Tandesedifuliymil warussmsaniine fe sedutes
nsilantlagiuiinisidoudemanisdiegraieinli
IAnnsiAdeufivesiuy AULATIIIANIATEUARLYN
yulanag1asanda Saudiinluefnfikuuinisidense
YOI UUMIAUArNIINTiuazAntuanieundausay
Junisideudeilidudourfudduseninagudnisi
wazn1sRunglsuludiensnismile udlulagud
nMsidendoiduiniotiemiullegrsdudou uss
Fuindousind s 4 Ussmsaendndusgwsieiiowie
dnmAsygnavedlan
naveanninduvounaluladnanlaulanlulan
gnEvNITNADNIIUG Rdszuugnavnsy 4.0 il
Tisuuuunslifinvesdauludemilaniudeuly vsdm
McKinsey l#rdrinaauvesanainnssy 4.0 1du
nsinglanfdviavesmagnavnssulagauysallagnis
Fuindeuvounaluladnanlaulan 4 Usznis Ae N
Lﬁmsﬁwaﬁay‘aa%ﬁaﬁ%muumma AUNTING L1
JPUUMTUSEIIaNATRIABNNIABS ANAINNTALUNNT
\Foulsdeansiasionzszuuiedornofinirdlnaghenis
Tndsnuiinn uazeuanunsofiiutuosiamianaly

o

m

@
o

N157LAS1ENUDITEUUTINATIRTHY (Business
Intelligence) wargunuulvdvasnTsUduiussening
uywduazia3edng 1wy sruiwinvedudanarian
wadiauasauulanuien111ase (Algmented reality: AR)
AADAIUNTAS LRI ATAVaLedsaruTannig
N8AINA39 (Physical world) A298195UN13YN9IUTD
VusudgRAITnI TuLaLATeN 3 IR [3] 9 ndenu
YOIQAAINNTTY 4.0 FINa1IT19AU NEYUILIS
mnudITaresnsiIinggnavnssy 4.0 sg1edsdy
Jusgifunisarassduioodateniignanisaing
winAuARvlg vizewaunddulg uwifivsediutlym
oginisadrsnnnssuluidndudesdiyanainsid
anuannsalunisadiannssy dwmsulsamalnedy
ulamlvgdivmemszideinisitiunisiniu
dnvosnsidulszimaiiselduiunansguszinai
anuslads Aflanudndudosdinmsiieunaluladndn
Taulaniindsudannldnu dunnefadusniidosi
Ae deslinsamminensuywdlulssimndalnglaidn
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ANNAINNTOLUATASI9UINNT T

4. aruaIu1savslssAlneis unuU TG g
lan

"1ATeves World Economic Forum (WEF) ignfiu
AMUANINTaRULIANTsHveIUsTINARIeg Thlaniilu
drudrdnlunisifivaussouglunisudaduvesusas
Useina Tagyadudinsigiaiuaiainsatunisuyady
vownuszinalulan lagldnisiiansananesduszney
M%@ﬁl,%'ﬂﬂd'u.amg’]@u (Pillar) 41u2U 12 l@naansly
A0 1

GLOBAL COMPETITIVENESS INDEX

Inecvation and sophistication
tactors subingex

[ ———

Pl 12, bowtion

il 1 iaenqu 12 endlddudsilinanuaiunse
VOINITUNITUVDIUTEINAR Nalan [4]

WEF wtansdnsedutuauamnsolunisudeiuvos
wiazUszimadu 3 sEAuvesanInAsugia As szAU
WINLIENIN mﬁTUmé‘lauﬁmaaﬁﬂszﬂauﬁugm
(Factor-driven) seeudl 2 fe nstuiedoulae
Usvangnn (Efficiency-driven) wagsyauvinean fe
ms%’umﬁauimummw (Innovation-driven)
nAquisiaziaan i dfiddyiivsuandiiiud
Lwiasﬂizmmza&ﬂuszé’usﬁgumma”ummimizmvﬁﬁ
gnstuiadoulnsuInnITuazAUABIEAITY 2 1@
anving e nsilgsiefidudeusindenisidouuuy
(Business kazUIRNISU (INnnovation)
%'!w’ﬂmmgnu 2 Lﬂﬂﬁﬁii@lé’ﬂﬂﬂﬁmwﬁﬂzﬁadagjuu
ﬁugmﬁﬁumsmaangwqmmﬁu6‘] Aountiimun

sophisticate)

S1891UNTIATIEYVE World Economic Forum Tud
2015-2016 [5]  INNSIASIERUAANUAINITAIUANT
WUt ures 140 Uszinarialan laowuassdunisli
Arbuy  wrazUszwaduar 1§97 eaudidiu
ANNAIN1T0NLRYLUNNN HATRINITINGIFU 3 BURU
usnvedlan laun Ussmaadnwesuaun Useinadealus
warUspimeanizesing Muandunmii 2
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N S S N S

ot
o Eomy e . Pt oy oz
P4 = e - L dne o =

AN 2 WERINISINDUAUTAAINNAILNTALUNTIY T
984 140 Usewmaimnlan 3 susuusnvadlan Ae Usend
dinwesuaud UssmednlusuasUsemaansgeusn

5. AU vasUsemdlne
mnﬂmWﬁLLamﬂugUﬁ 2 vanfeauausaly
nautsiuresssmatui 3 Ussmafiogluszdures
ASTULARBURIBUINNTTY %ﬁﬂmuumaua’ﬁwuﬁu’q
12 #u aglusziuiigs Inslameusemadealusinzuuy
Fiuuseitlannn usdmsulssndlngainnissasusu
¥99 WEF 1wl 2015-2016 ﬂzLLuuﬁlﬁasaunizﬁu 3
FupdeusieuszanSan (Efficiency-driven) lenzuuu
Wde 4.6 9nAzRULAYL 7.0 Qﬂé’]’masﬁuﬁwé’uﬁ 32 970
140 Yszinauaziiddyienisdadusuiindulud
2016-2017 HudusuvesUszinalnedulnanndusgui
32 1T 2015-2016 Togduduil 34 wsivnuszindiuen
Founduiinansansusuiintudiofouiunissasusy
Tud 2015-2016 HAvRINITINOUAUWEASLTLT LI
Uszwdlnedanusndudedinsndounioudifisame
dmduauiusioluiioatvanimiedsuiinisiaduais
YANAILNTOIUNITUUITY

Institutions
7
Innovation Infrastructure

Macroeconomic
environment

Business

6
5
sophistication é

Health and
primary
education

Market size

Technological S Higher education
readiness and training
Financial market Goods market
deveiopment efficiency
Labor market efficiency
l ~O- Thailand Emerging and Developing Asia
Stage of development
1 Transition Transition 3
-2 2-3
Factor Efficiency Innovation
driven driven driven
a
AN 3.1

MUTERININMILaEIEUOHNANUNN AN
9 1Y) oA & = o =
WIANTIN LAYNNTINNTANUNTINBYNEIBU AT 7 UszdU 2561

12th pillar:
Innavation

11th pillar:
Business
sophiatication

10t pillar
Market size

2nd pillar:
Infrastructune

3rd pillar:
Macfosconamic
environment

Ath pillar:
Health and primary
education

oth pillar: St pillar:
Tachnological Higher education
readiness and training
Bth pillar: Bt pillar:
Finaneial market Goods market
development 7th pillar: efficiency
Labor markot
afficiency
B Thailand East Asia and Pacific
:
N7 3.2

awdl 3 nsluansnduaEasalunisuYatues
Uszinalneifiouduyszivafisufaunluiolde
(nw 3.1) wazisuivdssimeluio@enyuoanuay
Usemaluumaymsddaia (0w 3.2)
dfiansanaamamd 3.1 aswuiiazuuude
anuauisdlunsutsiuresdsemalnesiigeluiios
nsa¥ianannssuLarnsigsaidudousindanis
deuvlumssanuazlviuinsi vneanuiindes
FaUsudgananagu 2 adsnannaglurmsiientud
Fosusuusaamqudug Wlezuuwfnduioosld
ussaiasriuUspmaiinisdndulaewnnssy Sy
nilslunguaitddAydimdvdszmalnefdonisise
fanmsasrsnanssliAntulasarduialdsens
Wauinvzianizduidndulunisadiaady
ANMuaINTaLfioaI s uIANTINYRIYAAaINT LY
UszinailondndulfiAnesdnsidiaussauzgs (High
performance organization: HPO) Snusznisuiiadng
f91501910N T3 2 ngouiiiiulddaiaues
Ustinalneenzuuudnduglunng landquiinsegi
Aulildifuty Tadausnduduegiamndimiy
Useindlnefidensauddgmludod Ssurataquuidd
MvuAgnsAEnsnITiaIUsEmAliiuAuanves
UssinafiselduiunansiasugiovesUssinanaiieg
Tugnismaenmssvudineliuleueiiied Ussa
g 4.0 (Thailand 4.0) lnensensisAdviaiiiownsusia
wazdymu (Digital economy and society)  Anum
weuglunsmuseinalvedgeaiasugianiiastig
WusUuuuiieswagliiAnaudsdulumsugiafiaing
AT (Value-based economy) neldensenans 3
AU fe 1) afsyurudenufdva 2) aiemdviauiia
AUl UsEnaunIsIEAUNAIILaESEAUEY (SMES)
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wag 3) af1unIetnevesgsnaialuiauAIvia (Digital
innovative start-up network) [6] lngglanivinuleuny
Uszineilne 4.0 andunistuindeudssinalugiasugia
ffuindoufounnssuiirdmalisemalnevgasiu
MnUszmaRfisgldviunans dsdndudeserdenis
Ususuazitmuiesdnisene aelulsemananindy
SPiamAanazionvulugnsiussdnmsidaussouygs

WIRONMENT INSTITUTE FOR SUSTAINABILITY

(High performance organization: HPO)

6. aaﬁmsﬁﬁammusga (High performance
organization: HPO) fanwauzagngls
3An"sAdanssuLge (High
organization: HPO) Jussdnsiidiladsnisiivhnn
aarmsluganudniageaniugsnavesnu asfnisegld
nagnsuarisnsivannuaefiairsanuiulainesdnig
srandunuegiiuszaninmuazaiunsauduiuie
Aansdsuuaididuedned fethsiddyiomils
29989AN1TWETE Ao ¥¥naramaniugnisaliiay
Wasuuladluewnnuazdentdinaluladfuvangau iy
mswaBuLas Fadunainanmsiiesdnisiiyanains
wagfinauiduudiiarnnsatomdsdulunisiady
Audeassassaiielildsneuiiduuinnssulig
Tutisanfinadailiannssuaunisildussansela
sAnsAfianssnurgaarUszaunadsanasaiadty
N158519ANUUANANNINBIANTARYITUABNASTTA
anssufiannsoussdivnaldiiuaussousuona
Usznoun13AUN15RU (Financial status) haz@unsng
fiudedlaild (intangible asset) Wtu @unsndmsilayan
Ihud Usunauvesdedndlindg faaneideulivioa
dndindlunsdusvesiuslansesdfnis
INUITHVOY Boston consultant group (BCG)

performance

éﬁ”ﬂwmzmmmﬁmiﬁﬁamiauzqq (High performance
organization: HPO) Usznaulushe 1) iusadnisitffiin
wazgnadianisveathumnglilufiamaieiuuasd
Armadigatvesdnsildinussansnadnadluiis
83An15 2) Wuesdnisfiuuusulifidduvedassaing
NANTLAURALAINITOLARNININALYDUTDINAYNTVD
oadnsléiaiiansdnig 3) esdnisulasansnagnives
gsfauazdeaslugninnuiindsufoRnununagns
GuaqmﬂmﬂmammsmasmmmmLLavsﬂmUﬂﬂa’ms
fflanAvesesdnislild 4) osdmsannsaduindou
auduessdnisanssnuzgeodradedulugnis
Wasuwdaslusnetiisesdnng awnsamanisel
wieufuiiagnesimiaienisildsuntatdieg [7]
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Snwagi 4 Usznsdisfuazinlugnisuiudsy
Tusssuvesssdnsinlrissdnsanansaussai e
munagniilsimualilaefiyananslussdnisaziiug
iezuasmum e liussgiiivaneveinsdnigies
nMsUFuIAsuyAraInILarnNeInsYetedni gl
anssnuzgeidudosiaruddaunnlaldudifedy
sruUTINIVIesTia R duusfiiaud Ay
pgaundmivesAnsiensutuiy n1iSuaiena
gvslunsadanuiiaiuassdlituyanainsluesdns
dewanliaussourgetuudeddnlunisndniulsy
paAnsWaLNlUgesAn s ATlanssauzge BIdAnn s
aussauzgeaziindesilonaznsziaunisfiasnaaialy
WinauAnas1eassAn1eludenuveeeanis Ay
LLG]ﬂGiNS%WiNEJdﬁm'ﬁﬁﬁaui‘mu:ﬂgﬂﬁuaﬂﬁﬂﬁﬂ;ﬁ“] U
fio ssAnsfitlanssauzgayananslussinisaziiniy
WlAluANY LN GV N UL ILALADAARBINUAIINL
MN8913ANITTND I ARKAY s levtifidniaus iy
vinlsieedmsdnausznaunisiiaianiugnianisSud
funsnarfedudaussouglunisdiueuid
Ussdnsnminliesdnisiaaawdudinlungugsia
Wienuy Iu‘umvmmnuammimu’lmm‘mwmmmmu
el duginlugsiatnagnerouilissusiasnanagnsi
teilugarudnsainty

INNANUIIBVD BCG  HUINITTLAUGIVDY
osfmstu dnasfindosouazinasiaflerlasusuuse
n1sUfURMukazausszausnIan1 sl unalylald
anuddnlumstuiedeunuaninsavesyanainshy
03An3 uunaisiiesdnslilumsiaunlugesdns
fiflanssourgs Ao msthiewnaluladfiviuasiontae
vilveedn1sldunausslovdifiuviearunsainw
naUsglevliaula dregragu msldnisineusuaiion
vulanA1933 (Augmented reality, AR,
NUITe09 Waal Uag 8ATUIT WUIENNLINGUVES
Uszinalnefianumnzasuaz Jululdiogiamnlug
paAnsfiflanssauzgeuadesiinisiaunflysdla
msalunsaun [7]
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wadsalunisudnfulszmalugnisidulsinad
iwswgaiulamensgniviedeulasnsaiiauinnssy
ianunsadsdsnnuidufilunisudsduuunilan
1¥ognedsBu lnefinguanssninudiiafonisadie
AU 12 1@ uaziiananredivililssme
Usvaunadnialunisidufuinisudsdufanisadieg
wInnTIulnag Fuuruwland Fewiuoudeniinein
nsvuIuNIINIsaTayanaInstunalidaussausluns
ahaunanssuiigs fieuldtiausuummndlunsiamn
sgsdmudadudeiaateilidessonisiigadingzle
Wun1snageuaInraitsUszimaialanudaindy
wumsigndesanunsafiunaldluBasedng 1y
WinUsgimnaialvgd (Emerging country) ﬁﬂiﬂﬁ]m%”lgj
mafanUssinasazldiaaniios 2-3 nassuiannse
frduneglungulssmefiesugiagnudndulaguann
553 (Innovation Wy Ussimanmdlinay
Useinedu Aarudmsunnaindnludiaulneds 131
A UAUAUFUNIIAINA1IAI8TTN1508191579
wingauivuunLasaudwesusenalneuundilan
FnevAedeaiufuainmiefiiugiuresszinads
nuefsesanisaneglulszimadaudnladnvazuas
anudnduvesnisidesndniussdnisvosnutedly
gosdnisiiflanssauzgs (High

driven)

performance
organization: HPO) ﬁgqmﬂ%’g FPamNALazienvu
fddyigrueamsiamiielivaasiuanmsanusn
Fananetedadiu (Sustainable escaping from middle
income trap) fe MaaLyARsNETUTAT TunaLY
wisnudnSafissimatulwalanyiiesseidos
fidsunteiunenuiadteliifauuifavieddiuly
nsnszduliAnn s yanansaelusadnig iile
Fuindoulsemalnsligussimaiiasugiagniuinden
mewnnssdluauapndulng
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- o&mo — U9t
Usesrudmiinfiums (Chief Executive Officer:

CEO)
US¥W DBIC Co,, Ltd.
an1Uu Creative Academic-School for Lifelong
Learning

- lo&mo — Uagtu
AMNIFUAITA1TUSUSsunsguleteale
(Management System Certification Institute:
MASCI) N3ENTNYAAINNTIN
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- ogee - Jagtu
AMZATINAITANIVIN TN G EALULAET Y
LIAANTZUAT

- bees - Uagtu
QL%S’J‘U?@J@JW Total Quality Management:
AOTS Usgmaduuszdszimelne

- o&do - b&da
ﬁﬂ?ﬂmmﬂa APEC Future Education Forum,
Institute of APEC Collaborative
(IACE)

- lodEs - b&dd

Education

TQM Guest Lecturer for Thai.Garment Industry
- béed - bé&ee
UsznietlaUng Total
AQTS, Yokohama;.Japan
- béded - b&ee
Usznielleuns Quality Control in  Industry

Quality Management

Stockholm, Sweden

- bé&cam —b&amn
Ysgn1atiedng 1ISO  9000:2000
Auditor, Singapore

- bédde - b&do
UsznataUng 1SO 14000:1994 EARA Advanced
EMS Lead Auditor, England
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IRCA Lead

Uszniatiadng ISO 9000:1994 IRCA  Lead
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