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Abstract

This research was a quasi-experimental research. The objective was to apply
3 types of media, which were oyster shells, concrete rubbish, and zeolites, which were scrap materials
that were easy to found for treating domestic wastewater. The medium was contained in layers vertically
in parallel. Wastewater was continuous with 19 Watt pump, the flow rate of 13 liters per minute,
the hydraulic retention time of 6 days and compares the efficiency of the wastewater treatment by
multiple layers between media and without media. The results showed that wastewater treatment
by multiple layers with media could treat total suspended solids and orthophosphate well with
the highest removal efficiency, the hydraulic retention time of 6 was 100 and 86.78%, respectively.
Wastewater treatment system using layers without media can treat fat and oil well with the highest
removal efficiency, the hydraulic retention time of 6 was 39.8%. Both wastewater treatments by
multiple layers with media and without media. The removal efficiency of COD was not different. With

statistical significance at the level of 0.05.

Keywords: domestic wastewater, layer, oyster shells, concrete rubbish, concrete rubbish
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gnfinun9 aguURIAING1e (Fixed film process)
Fsazgniudeuliduiidudanm (Biofilm) 1nzeg
vuduvessanans dhitiunstadnasla vl
lisnHusomuidsungnoundugsruudnads uay
ludeslidsmnaznou uilhuszuuladnszozaziinnis
gasfu fatu maidendanans Ssfesdivuaasiiae
HY9INUNBINOFMTUNITABVNDINIA VUIAFINAN
Aduiiu mnzauogfe 5 - 10 wufns Sadau
forheUszanadesay 50 mnshnansivuadnninil
sguvaiivszansnnlunisiided umiintgmn
gadldde [1] nvanisinavenindelufionsas
geiluszdnsnimnisinde Tlod dleduavaouds
wuaey Andmindeluatu Senislvatuanunse
mdnlulasauled [2] Flolad (Zeolitehduans
Usgnauergiilu@aing (Crystalline alumino-
silicates) Tassadagnsuvuiadaud 2 Swanson
finuautAlunisgadu (Adsorption) 1dudiss

UfA%e (Catalyst) uaztdusuanideuloseu
(lon exchange) [3] LAy s@nudunsisen
seiralaawniulasasnsvesdlolas (H-zeolite)
UInernaNandlauveloals Fefidianu
wuiuvesdianaseuas wandbiiuindlelad
fanuannsagaduansuseneuneaalaase (4]
wuieatudgudengnihundudinaislusyuy
traindesgury Taglddeseiugfifinnglna
Tuwwfs fssavBnmiinvieaiedarimuagean
93% [5] waziUdonuosuwasy oaRUsznauwes
wABLgELAISUBLUA (CaCOs;) 98.56% gnuunly
lunszuunsgedu nnvesUdenvieauase 0.30
- 0.85 fiadlun anduda 2 4alus wWienvosuasy
fivszAvBnmnsindavigosladluifuadennni
85% [6] wwna1s dleladuariudenvosuass
ndanilldlunisiadouan awisadinduun
141mai (Regenerate) n3oulUA19n Tnanisiily
rovantfudrunaunounia [7] amnsainusslovd
1§8nmanis

£
v A= Ao

NUITeNTIiTRgUsTaIA b UNISANEN

1

fnanadenvesunss dguden wasdleladiia
yuwnlndifsatuy uenussgeglutu (Layer) ¥inis
Wisuleususzuuthoadildiifinans wietadn
‘13%?18‘1;1?614 (Domestic wastewater) lag35i1Au
mmﬂwaguﬁaufwLﬁﬂluﬁﬂmaamaamam
Snuaizsnsn1svadng (Low rate) wieannis
gaduveslandinm (Biofilm) anUsuuadnd
druiu awnsathszuuvaindelolsluiudg

Aout T ALazansalETanimlade

2. gunsaluazdsnis

2.1. mssanuuuszuuiainideyuyy
Tavltuiaiwes

miaaﬂmewuﬂwﬁ’mﬁ%ﬁaﬁmu Uszneu
Fretuaiees (Layer) Tngvinisuusszuuiivn
ity 2 g ssvuthimidediasnans
wazlififanans laseasnsvesssuuysenausaeg
fasessuidevhanmanaindauniig x 811 x g9
WU 22.4 x 34.6 x 26 URAWAT ANNNIOUTTY
ihidels 15 303 fuaiwesudazdudianuniie xem
X g4 WU 21 x 30 x 10 Wwuflung 311 3 iy
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uiaztuusTainde 5 An ssuuthdnndein
fnans avussUdenviesunss Bguiien uazdlelad
Tnedasananeis 3 wlalidvuslndifestu vss
fnansadluusiazsu Tilaugedesar 50 vo9
Fuawe?d fnansazauth (Submerged attached
growth system) ddelnaiuluszuunasanan
freduiifsnsnislva 13 dnssiowdl viudhil
Sadudeandssestuinde 15 ans Samnisiua
vawideseiudl (Surface loading rate) 1.27
gnuiAilunsAent I nuns-9alus luiianisas
&vaigdnsinstlin (Low rate) Usinasinde

Tsszuuddn 30 Gns AU 1

'
A v

n. gandludidinans v Yanddna

JUN 1 szuuiidaundeuuuduaiees

2.2 gduuumsaiiun1sive

n53seidun1siseRamaass (Quasi-
experimental research) Lﬁlaﬁﬂﬁmmé’ﬂwmz
By uasUszdniainnisiidaiidevesyuey
(Domestic wastewater) T2#1198FINA LAy
Lyififanans Tnefiindoaginarusinandlufienis
Tnaas Fediszansamnismdamnsivesfiaeu
(Total Kjeldahl Nitrogen; TKN) latine Fslaidnw
N510DIAINAaT drunnsdiimesneanasadnm
lusUveseaslsweann (Orthophosphate; PO,”)
meauvsganunsainlUldadawalvg (New cells)

oy
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2.3 mﬁmswﬁqmmwﬁﬁLLazmsn,ﬁ’U
a0t

aAdeiliiuugumu (Domestic waste-
water) ¥N1TAaRLuULUNYG (Batch) ATz
s dedl feow (pH) vesuduiuaoeiomn
(Total suspended solids; TSS) thsfunazlusiu
(Oil & grease) dlaf (Chemical oxygen demand;
COD) uazeoslsWoan (Orthophosphate; PO,)
AUN1MTFIU (APHA, AWWA & WEF) [8] GLIERRERN

v
o a

Y1959N9NA19095095UUNEY a0 1981 13.00 .

v
°

vaanniu fiszeginiinun (Hydraulic Retention
Time; HRT) 6 Tu

2.4 N15ASEUAINAIY
fanatdinaaudAnianienIn fanisne
7 1 uazUsIq Sovay 50 VoAU WAYDT

A15197 1 AAUURNINIENINYBIAINAN

AANUR Waen éﬁ Flalad
“®RaLATY | Uaan

Size (cm) 4-5 5-6 4-5
Specific 0.75" | 3.24"" | 24.9-40”
surface area
(m?/g)
Fluid 5 5 5
volume (L)

2.5 MFIATIZANIGEDN

sz A Nadenis1imes voauds
WYL TITUA (Total Suspended Solids; TSS)
tsfunaglusiu (Ol & Grease) @laf (Chemical
oxygen demand; COD) uazaoslsnadainn
(Orthophosphate; PO,*) wiei3auiiiauainy
wansnslunsay YuresssuutatiEefidsinans
uazliddnans Ingldaia One-way ANOVA



3. NAN1SNAABLLAZIN5Al

3.1 dnuwarszuuihdaindelaglddy
1103 wazandnvasinFeguy

syuuthaindelaeliduaeesifussuy
UUA9TININ Anannsianuadeadeiu seuy
H9NTBITINNLALDINA (Biological aerated filter,
BAF) uainsinafutiiessianatsaziivuialg andogm
nsgadiuvasildauTinin (Biofilm) Lidesandou
(Backwash) Use fidnsnsinislvavesinidusiediui
1.27 m¥/m*h ¢ vilvigadendaany Tunsi
Belwanusnanstios waviliusssusi

AudnunziFsTuneuh s Ut
didsuuutuaes (Influent) wisimesaanlng
liinnaeianesgiu eniumsiives ey (pH)
wazdhuuazlasiy (Ol & grease) AUt
(Effluent) &ar1usEUY HRT 6 Ju SpUURT
AINATT NNNITITRDTHIWNUTNINTFIN BNLIY
goslanaan (PO,”) \unawinnsgiuiniey
WuReuszuuthdanlifdnats ynwisdmes
HINUINIRSgIU enviy eeslevlean (PO,”)

AUNINNRIFILNINN ST UUUNURTIEFINA 1

M19199 2 Aaudnwasideyuvuneudkazeenszuu Unindelagldtuawes HRT 6 Ju

dude e (Effluent)
wme3 [WsTuY SEnans yiSidanang AN IU
(Influent)
oY 7.2240.1 8.50+0.5 7.9540.2 55-9.0
Yaudauiuaseiaun (wn/a) 52.0+3.0 0.0+0.0 4.0+0.0 30 un/a.
Tlaf (wn/a.) 450.0+10.0 18.0+2.0 17.042.0 20 un/a.
#of (un/a.) 700.0+163.0 50+12.0 70.0+16.0 120 un/a.
poslsvean (Un/a.) 18.040.27 2.4+0.07 8.5+0.04 2 un/a.
dhiusarlesiu (wn/a.) 0.084+0.05  0.052+0.02  0.050+0.02 5 un/a.

* UsENIANTENIHNINGINIEITUVIRRALALINGEY 583 AMUANIATTIUAIUANNITIZUIBUNTIINTEUUUIT AU EE TINT0 YU

aviuil 7 wwsu 2553 Usgnie lussieanpuuny atudssnenly wudl 127 aeufiviy 699 Tuil 2 fquigu 2553

3.2 maisuiiisuamdnvazinde
gusuvasszuutintidelagliduiaees dems
BIGE R R RE

TunmsiSeuiisunadnuasinBoyues
Tuusiasiu veeszuuiidatndelnsldduaises
sgwinafidananuarlidfidinats avAnwianis
wisiwedvewdeuniuaseiaun (TsS) 3lod
(COD) paslsweamln (PO,”) Ysfuuarlusiu il &
grease) d@udlen (BOD) livinsAnwuseuliieu
TuwmagTu Anwvilanigneunazudadnszsuuinun
HRT 6 Ju WanmsIATen wuimmé’ﬂwmxfuﬁa
wisfmedveudaunauasemun (TSS) V9958V
Yiaindefiidanans HRT 5ufl 1 - 6 fduade
9871 32.00 24.00 10.00 6.00 1.32 kaz 0.00 1n./a.
audsy dhussuuiiaideildiisanans HRT
Fuiil 1 - 6 fiAnaduagil 40.00 34.00 24.00 18.00

8.00 waz 4.00 un./a. My Wawseudieu
syuuthdmidelngldtuaesitisnansiuladl
fhnans flAadsveudsuanuaseriavi (TSS) anas
me;mﬁ’ua'&Jﬁﬁﬁﬁfaﬁﬁmwwaﬁﬁg’m@i HRT Sufi 1
flafudl 6 fiszdu P-value < .05 Faguit 2 wulsn
fvoaudauvuaosiiaonan (T59) anaady (Adsorb)
TFuusnansdausn Tui 1 v lwusunavesuds
wuaeEIIA (TSS) anasiess uliignasiany
I HRT 6 Ju gonndasiunuddodinsesdaninuwuy
Tnaasiildiudenvesdusinarinses Tnessuy
annsanantisidaunmd Svesudauniuass
wanua (TSS) lutdind 30 un/a. [10] was
denndosfuiuideilidguienidusinandy
szuutiminderury Taglitaseivsiidnsina
Tuwwans anansoanUsinameudwiuassiavun
(TSS) 7 HRT 6 Ju Iianauwide 4 un./a. [11]
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vinﬁquumaauﬁwuﬁ (Total Suspended Solids; TSS)

52 52

M W
M Dkinan

TSS img/1.)

Influent day1 day 2 day3 day 4 day 5 day 6

JUN 2 wan1snaaeuadarnade TSS luusayiu

b2
o

AMaNwULUILFIN1S1 TS UTuwaY

q

€

v '
°o a aa

lusTu (Oil & Grease) vosszUUUIUAUNLELT

#nans HRT Jufl 1 - 6 fiAadeegil 0.106 0.088
0.074 0.064 0.060 Wag 0.052 UN./a. AIUAIRNU
druszuuthnidedilifisnans HRT Juit 1 - 6
fidnaduogi 0.08 0.096 0.078 0.068 0.058 0.052
way 0.050 un/a. auady WelSeuiieussuy
Vimhidelagliduawesiiiisnansiulifisnans
fidnadeisfunayleiy (Ol & Grease) amas
wansnauegnitud @y HRT Yudl 3 5uii 5
uazufl 6 Aiszsiu P-value < .05 faguil 3 wiilsn
szuuthvatidedlddsnaradunisiiuennie
adlluhidelnonss Welvlosenniamntisunas

o

Toduludndeasstugian Ineveseiniadusy

v
o

Prenbihduuayluiuasefugiingidady

WunisArdadisunazlefu (Oil & Grease)
MameniRUsEaVSmasuil [12] wardenades
funnsdneivesruuthdatndsainAnnians
Tugoens lnenisiduasiaiivazdnainidaslud
snlodu wan1sAnwinudl szuuurvnaNnse
anUsinaituneslatiy (Ol & Grease) lanas
Wide 41 un./a. [13]

snfnarlest (O & grease)

Bishnan

;3
]

Ohifsnan

8

o 0.060 r‘

£ — ) g -

Oil and grease (mg/1.)
E B

g

0.000
Influent dayl day2 day3 dayd dx5 day6

5U# 3 wamsmageuatiaA ey Oil & Grease
TuusiagJu

015d1S3FONSSUANENS S1BUVAASTYUS

AEnwuzddeNITwesdled (COD)
98952 uUUIUAULAINTAINA1S HRT U9 1 - 6
friadgag? 400 300 200 150 100 war 50

o o | o & 8 A av i

AUEIRU ddussuuinUnddenlidsinans HRT
Uil 1-6 HAadeagi 400 300 200 200 150 uag
70 un./a. anua1eu elseuiieuszuuinua
¥ a v sala o o =Y
Jdy lneldvuawasnisinaneatulydsinans
finadedled (COD) anatluunnanadunniu

pe ity Ayn1eadia NS P-value < .05 sagy

a

=3 F 2 o CY ?‘)’ = y:j L3
7 a4 wuleirszuuiivadndelagldduiateas
Ao o 1A o a a
Pfnanakazlifidinars JUsununisanasves
Flof (COD) Tu HRT 3 Juusn Ay Sudiusunn
anadwananeiuly HRT Ju? 4 819iin158aRnues

a a6 ] a g .
AUNTYUN 8 UUNININGN (Fixed film process)

mdszuuiiTadudeuuuiiueinieludnvus
dudelnaasitusainars aziinisldanlunis
as19flaudanin (Biofilm) vudinans Usyuie
8-10 Tu [10] MlinsyuIunsepeaatuansdunss
Tudde ﬁLﬁmﬁnﬂﬁgauﬁéﬁi%aaﬂ%wuuuﬁaﬂaw
AeY anUsuaudlod (COD) as wiusuunIsanas
geata 2 szuu Sslaumnnafuanntin Tugae HRT
6 Yu Gululedn windsauiulunsiidaunniy
syuuthUmidefitisnatsenvaziinisanu3unm
Flod (CoD) lannan

0 oA (chemical oxigen demand; COD)

800
0 Bidnan

600 Dhifsnan

W 30

coD (mg/l.)
=

0 m m

300 = i
o 150
200
m
: ]
day3 dayd day5 dayb

Influent day1 day2

UM 4 wansaaeuatifdRdy COD
Tuusiagiu

@mé’ﬂwmsﬁwLﬁﬂWﬂiwﬁLmaéaaﬁﬁ—WE}aLWM
(PO,>) wesszuuthntdefiifnats HRT Sui
1 - 6 fiAuadgegi 17.93 17.02 14.03 10.35 6.83
war 2.39 Un/a. AWEIRU dauszuuttatidy
laifiéhnans HRT Yufl 1 - 6 ﬁﬁhLa?iaagjﬁ 18.03



17.14 15.82 14.39 11.56 uaw 8.47 Un./a. HINAIAU
A = a o v 8§ o v ¢ ala
WawSeususzuuinunindslneldduae a3
shnansnulafifanansiidndvessliseams (PO,
anauanAnueg19ldudAyn1eads Tutun 4
fafuil 6 iszAu P-value < .05 AagUil 5 wiulaa
o v & o v fala v 1
syvutumindelneldtuaeasnisinatswas Ll
fhnansdivsununsanawesensisveamn (PO,
AaneniuUSUIuNSANaIvReTLan (COD) An HRT
o A = A a ' o 9 o a
Jui 4 FafiUSunuanasnnaiuy saedadenisiia
FauTnw (Biofilm) wazeoslsneamns (PO,”) o9
Wunildudszinnveseanedanydunidauise
Jrluldasrawalvd (New cells) laviudl vinlw
poslswoan (PO,”) anUsunamasess luriszuy
JrTnnsidinanawarliiifinais wassuuUnude
Ao a | a av g v
Pidinansaranadnnin laelivarganuidenly
frnansvruaneawslutdy 917 nslgianses
U539 wvAaunInvdauisguyy Mlunisindn
Jufl 2 wuulnaas Tanuduldligs dmsuin
ynfindaneanesanavuale [14] saudanisinda
= a 6 o v ?‘)’ = YV = I3
wuudalsgRwguruntaunds 1ddanarsdlelas
fiawanansageduneanesald 2.15 nFusieflansy
[15]

saflovieaa (Orthro phosephate; PO, )

2000 | 1810 1810 17.93 1803

2T Bi@nan
18.00 17.02] 1714 .

BB [] OLidénan

1600 = B 1439

1035

PO, (mg/l.)
=
I
Q
5]

Influent  day1 day2 day 3 day 4 day 5 day6

3U# 5 nansvaaeuadnAaie PO, Tuusdayiu

3.2 Uszansamnisandaszuuunua
ddelngldtuawasitsanatsuazlsifidanans

UsBvsnmmnisidnvesssuudtainge
Tnelddualesfifnarwewduniuassimun
(T5S) Flaft (COD) saslsveawin (PO,) waztiiiu
uazlugiu (Oil & Grease) flA1Sowaz 100.00 92.86
91.26 86.78 Way 37.35 Mua1AU d1uUTzansnIn
nsiidnvesszuuttnindelngldduaieo il

fnans Flof (COD) VaIuwdauIuapeyiaviun (TSS)
posloeainn (PO,”) wariundiuwagluliu (Oil &
Grease) flAn5e8ay 92.43 92.31 91.88 53.19 LAy
39.76 HIUAGU

A = a a a o W

WawSsuiiguusyansnnaeeszuuinun
S a v faa v =Ky
Judslaeldvualeasnisinans warliidinais

' 0 v aa v = a a
nuI1 sruuvnuandsanane duseansainlunis
Mdpvaandauviuaasriavun (TSS) waveaslsoaiin
(PO, loigendn ilesanifenwes dgufien way
= 2 dﬂy a @ o YV a U
Flolad TnuiuTugngu vliAnnszuIumgadu
(Adsorption) UiniRvessnanslasanizveuds
wuIuaeeviavun (TSS) azaaduliluisus HRT
o = o A o a ~ a
JULSN WD HRT U7 6 wazdauinnssulunistnan
a R Y .
VIPAUNTYRYUUNINING (Fixed film process)
yMlAszuut1UaNdsinas JUseansa1nnisniam
Y 1 o U =Y = a a

196 druszuutUalidisinans duseanSanlunns
MdnvnTukazlutiu (Ol & Grease) gﬁﬂduﬁﬂﬁaa
WAL 2 szuuiiuseansanlunisndndlan (COD)
TnalAeeiu Aemns1en 2

a a a o v o o v
A15199 2 UseanSanszuuinunvdslae oy
aLgasnisnataarliifinans HRT 6 Yu

WIS U52ANSNINNISAIIN
a P o o 9 v & Ie
fmes szuuUnuaudelagldvuiaeas

(3owaz) fifanans Laiffanans
TSS 100.00 + 0.00 92.31 + 1.00
Oil & 37.35 + 0.30 39.76 + 0.50
Grease

COD 92.86 + 12.00 92.43 + 15.00
PO~ 86.78 + 0.07 53.19 + 0.04

4. Aa5UNaNsANEN
ﬂmé’ﬂwmzﬁwﬁwaﬁxuuﬂwﬁ’m
dudelaeldduiasedfisnarsuas lufldanans
wisiwedvosudwiuaseiioun (TSS) fUsunn
nsanauAnseiuNn T AR HRT Yudi 1 8 Fu
# 6 Ysunaglasiu (Oil & Grease) fUSunannsan
aquaneneiuly HRT Sufi 3 5 uazufl 6 waveosls
Noana (PO,”) USHnaIn15anasuansnafiudau
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HRT Ju? 4 DaTui 6 d@udlan (COD) JUSUNMAIS
anaasneny tu HRT Ju9l 4 DaTu? 6 wadSune
fanas Widanuwansteiuueais 2 ssuutin
faty seuutivaddendsinanaaziin

AsEUIUNSAAGU (Adsorption) Yo IUIUADY
Panue (TSS) AgATuUMsSn wazsuas1aNduTnw
(Biofilm) vusInanevesssuvunvnudelngly
Fuawas uiuf 4 dunnannnisiiineseasts
Woawn (PO,”) Laz@lad (COD) JUTuanaaiY
PR a a o | 0 o aa o
WaSeuiieuiuseninassuutinnilsnanway

=y ° o o a a a N a
lufidnans dmsuiui 6 masyivlavesiuaiite
A a o d' Y a6 o .
NUARAUUAINGTY LINBdI 19N auyIn 1w (Biofilm)
faasquavlaladud vildnsiidadled (COD)
Tauanenanuluia 2 ssuu d@awszuutivadde
AV Ao 1 a a a a
Plufifinane wadnisiiueinie azilusgansain
Tunstrdminsiunagluiiy (Oil & Grease) @3RN
syuuthimideniisinals dvsuanuiseasdni
AIsaselandInn (Biofilm) TWadun3dinsia
YUAINANe naun1suntn 8 — 10 Ju Liefnw
Useansnmnismandled (COD) Tuszuuininnd
AINANN LAYAISANWITLULIA1VDIPINANINLA D
inavunlglng (Regenerate) ielulisinans
waduveadssald

5. AnANTINUIZNA

VBUOUAM AMTAITITUAVAIANT WAy
AEINYIANEANI LATIAINTTUAEAST UWINYIEY
WNYATFNERS INLVARANNTHLNYSA Jindnauas
ABeiloanuiiuavirdesiiolunsiinide
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Abstract

The objectives of this research are to develop analysis system in geographic information of
the suspect or defendant as well as evaluation of the efficiency in experiment of web application
system. The research is to develop application system for investigation and trace from IP address. Also,
it is to develop in analysis data, location and information of communication devices of suspects such
as mobile phones or personal computer. Currently, technology information has advanced that lead
to unlimited communication. Public and suspect under arrest warrant also employ communication
technology via social networks. Thus, the investigative system that develop by the researcher can assist
to trace and analysis address from geographic information. The aforesaid information will deliver to
database in computer server and present in the website. If the data and results from the experiment
are consistent with operating condition that set by the researcher, the location of the suspect will be
analyzed. However, operation and procedure must be confidential and undisclosed to public. Access

into data and information must conduct by relevant person and authority in investigation.

Keywords: investigation, suspect, IP address, geographic information system
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Abstract

This research aims to develop the product of gluten free Thai cookie “Kleeb Lum Duan”
powder by changing the wheat flour (main ingredient) to the rice flour, glutinous rice flour, and
gluten substitutes including: guar gum, xanthan gum, and isolated soy protein. These replacing were
the ingredients for forming the Thai cookie “Kleeb Lum Duan” structures instead of the gluten from
wheat flour. Cooked the Thai Cookies “Kleeb Lum Duan” by mixing with the vegetable oil, sugar, and
salt. Sculpted the mixed ingredients as melodorum fruticosum flowers and baked them in the oven
(150 oC for 10 minutes). Then, the scented candles were used for smoking the cookies (15 minutes).
The property tests of Thai cookies “Kleeb Lum Duan” included the color, hardness, water activity,
and porous structure. The sensory, and consumer acceptance of Thai cookies “Kleeb Lum Duan”
were tested in appearance, color, texture, taste, and overall acceptance properties. In the shelf life
of Thai cookie “Kleeb Lum Duan” powder test, it used the predicting from the quality of Thai cookie
“Kleeb Lum Duan” when the powder was contained in vacuum aluminum foil for 6 months (at room
temperature). According to the results, the rice flour, glutinous rice flour, guar gum, and xanthan gum
can use for cooking the Thai cookie “Kleeb Lum Duan” instead of wheat flour. These developed Thai
cookie “Kleeb Lum Duan” has the color, hardness, and structure as same as the original Thai cookie
“Kleeb Lum Duan” which used the wheat flour or gluten flour. The appearance, color, texture, taste,
and overall acceptance properties were accepted by consumers that be similar to the original Thai
cookie “Kleeb Lum Duan”. Moreover, the developed Thai cookie “Kleeb Lum Duan” powder can

keep in the vacuum aluminum foil for 6 months while the quality does not change.

Keywords: Thai cookie “Kleeb Lum Duan”, gluten, wheat flour, rice flour, hydrocolloid
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Abstract

This research aims to study the risk factors of the rice combine harvester by using
failure mode and effect analysis (FMEA) technique. The research methodology began
with classifying failure modes and causes during harvesting rice. After that, each type of failure mode
was evaluated and calculated a risk priority number (RPN), then, RPN is sorted in descending order.
Machine parts belonging to a high risk group were investigated a root cause of failure occurrence
and then determined preventive maintenance guidelines. From data analysis, it illustrated that there
were five types of risk classified as a high risk group; F21 wear of chain surface, F19 wear of rubber
O-ring, F14 wear of ball roller surface, F10 sprocket gear broken and F12 lead wheel broken. This
high risk eroup implied that if some failures occur, the combine harvester can be stopped which
caused harvesting operation interruption. As a result, a development of preventive maintenance
guidelines was needed. This research provides the self-preventive maintenance guidelines for
farmer who used the rice combine harvester which the results of self-preventive maintenance help

extending the useful life of each parts and enhancing work efficiency of the rice combine harvester.

Keywords: rice combine harvester, failure mode and effect analysis, preventive maintenance.
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Abstract

This research aims to reduce setup time and to improve the mold changeover
process in disc brake manufacturer. Certainly, the shape of the disc brakes varies according
to the car model. That is why the production is required to include mold changeover
process. The research findings indicate that mold changeover has an average of 15 times
a day in the hot-pressing process which takes the longest time to set up the machine.
As the researchers, we performed examination on the procedures and time spent on mold changeover
by work and direct time study principles and analyzed the ways to improve the processes by
applying the SMED concept with 5W1H questions. The study found that there are 6 activities
that can be taken while the machine is operating that including 1 non-value added (NVA) activity
and 5 necessaries but non-value added (NNVA) activities. In addition, approximately 70 percent of
overall setup time was spent on uninstallation of the old mold and reinstallation of the new one.
Therefore, this study applied the ECRS principles to improve activity for mold changeover. As a
result, the activities have been reduced from 10 activities to 6 activities while the setup time has
plummeted from 946.2 seconds to 492.8 seconds, which resulted in 52 percent decrease in setup
time. After performing calculations on the optimal number of times and assessment of the normality
of data by Minitab at the confidence level of 95% and the tolerance of +5%, the results show that
the number of basic laps in the 30 timings is appropriate and the data has a normal distribution. The
average time of data can be representative of the group. Therefore, after the process improvement,

the total average time is considerably decreased and is compliant with the standard of company.

Keywords: Time Reduction, Single Minute Exchange of Die (SMED), ECRS, Setup Time.
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unaruillfiauemnmaaeunsdenaninvesmeindaldfu o andlwihiiunes e susdua
a3 feiinmederinnsilaranammsianitusduluaeada Partial Discharge (PD) Tagld
usafumageuviin Damped AC (DAC) UAZI9ASANSVIAGBUAMNNATEIY IEC 60270 uay IEEE 400.3 Fadu
Fupounimuununsthysnnidieanssheguseiiomesnslnihdugiinin tagldvhnsmaaeuTad PD
Tugnglniildfuaiia XLPE wum 12/20kV $9u7u 2 1995 A0 naIndiie s Riser Pole A211817
336 s WA 368 uns Fsaneiaiaris 2 1asldgniosaglusie HOPE flegludnuusd (Duct Bank) wan1siiny
wud1 Twaeasit 1 anunsamsaany PDIV (Partial Discharge Inception Voltage) Fuseuuszana 17.1 kVpk
(1Uo) i PD 2,250 pC Tnefinanuduiusaes Phase Resolved Partial Discharge (PRPD) &amsaffudnuauy
mMafin PD AAnnanmsiavfanigludmau 1 dumiiissosUszana 282 wnsanaediviinisasiade
warl99sii 2 amnsansyany PDIV fussiuuszanas 7.6 kvpk (0.4Uo) fidn PD 2,750 pC Tae fanuduius
¥99 PRPD assfudnuaizn1siiin PD MiAnainainmsiavsanelufissesdszanas 366 wasangadiviinng
A5I99
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Abstract

This article presents an investigation of underground cable at Hinkong power station, Nongkae
district, Saraburi province, Thailand which using Damped AC (DAC) Energizing and Conventional Partial
Discharge (PD) Detection Method according to [EC 60270 and IEEE 400.3 as a regular maintenance
program of Provincial Electricity Authority (PEA). The PD test has been performed over two
underground power circuits in the duct bank, 12/20 kV - XLPE cable hosed in the HDPE pipe, length
from switchgear to riser pole of 336 m and 368 m. The test result of the first circuit indicates the
PDIV (Partial Discharge Inception Voltage) at voltage of around 17.1 kVpk (1Uo) at PD 2,250 pC which
has Phase Resolved Partial Discharge (PRPD) corresponded to the characteristics of PD occurring from
the internal discharged at a distance of approximately 282 m from the test location. The test result
of the second circuit indicates the PDIV at the voltage of around 7.6 kVpk (0.4Uo) at PD 2,750 pC
which has PRPD corresponded to the characteristics of PD occurring from the internal discharged

at a distance of approximately 366 m from the test location.

Keywords: Partial Discharge Diagnosis, Localization in Underground Cable, maintenance of cables
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Abstract

This research was a guideline to reduce transportation cost. The cost of fuel becomes a main
and highest cost for delivering goods. Therefore many enterprises try to find a strategy to reduce a
fuel cost as much as possible, for example, using gas instead of diesel fuel or controlling a driver to
drive in a specified route etc. The research methodology began with collecting data and comparing
fuel expenditure of A Transportation Co., Ltd. as a case company. From the study, it found that there
were 2 types of payment used to manage the transportation operation; (1) actual payment and (2) pay
per trip. According to one-month data collecting, the total cost of type (2), pay per trip spent lower
that the total cost of type (1), actual payment as 21.91 percent.

Keywords: Transportation costs, Fuel, Cost reduction
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Abstract

The objective of this research was to study the cost of logistics by applying the activity based
cost analysis technique. A case study of dwarf napier grass group of farmers at Ban Din Din Daeng,
Muang District, Kalasin Province, data were collected by using questionnaires and in-depth interviews,
30 samples of dwarf Napier grass were interviewed and the data were analyzed by activity based
costs. Technique found that the main activities in the operation of the dwarf napier grass growers
consist of 5 main activities which are 1. Plantation preparation activity 2. Planting activity 3. Maintenance
activity 4. Harvesting and 5. Transportation activity. The overall activity based cost was 2,059,500 baht
per year. The main activitiy with the highest cost are planting activity the total cost is 686,700 baht
per year or 33.34 percent, Followed by transportation. With a total cost of 576,000 baht per year,
representing 27.97 percent. While, ranking was harvesting activity with a total cost of 398,400 baht

per year or 19.34 percent.

Keywords: Activity based cost, Dwarf Napier Grass, Logistics costs
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Abstract

The purpose of this research is to identify a key process parameter in a friction welding of
stainless steel AISI 420 with a diameter of 10 mm and a length of 100 mm. The process parameters,
including a compression pressure, compression dwell time, and rotational speed, were ranged
between 20 and 30 bars (20, 25, 30 bars), between 5 and 9 seconds (5, 7, 9 seconds), and 2500 rev/min,
respectively. The specimens can be classified into four categories as a commercial condition, hardened
and quenched, hardened and tempered, and hardened and full annealed. Hardness and tensile
strength of each combination were investicated and it can be concluded that the highest tensile
strength was detected in a hardened and tempered specimen with the compression pressure of 30
bars and compression dwell time of 9 seconds, while the highest hardness was found in a hardened
and quenched specimen with the compression pressure of 30 bars and compression dwell time of

7 seconds.

Keywords: friction welding, hardened, stainless steel.
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Abstract

The purposes of this study were as follows: 1. To design an appropriate packaging with
appropriate structure for the product in order to protect the internal product and be convenient for
transportation. 2. To test the mechanical performance of the structure in the protection of packaging.
3. To design graphics for packaging to be remarkable and show unique characteristics with complete
product information. 4. To test overall satisfaction with the ostrich eggshell bag packaging. The population
used in the research were 2 of ostrich egg bag manufacturers by using the interviewing. The sample
consisted of 100 tourists who bought ostrich eggshell bags by using the collecting consumer behavior
surveys method to design the packaging in 3 prototypes of die-cut box in order to test the mechanical
properties. The result shows that the prototype No.2 is the most powerful consist of anti-vibration,
impact resistance, pressure resistance graphic on the package. Moreover prototype No.2 is the most
appropriate which beautiful, valuable, represent internal product and unique. Overall satisfaction to
the prototype of ostrich eggshell bag packaging covered 2 objectives are the packaging structure can
protect the product and graphic design can help sales promotion with create a positive attitude to

the product. The evaluation result shows that the overall satisfaction is at a high level.

Keywords: Package Design, Ostrich Shell bag, Palita Exquisite Eggs Shop
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Compressive .
2 4 extension at
YUNNAFIU | load Maximum .
Maximum Load
Load (Kgf)
(mm)
1 7.66 7.06
2 6.13 4.59
3 8.04 2.77
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Mean 1.37 4.86
SD 0.78 1.53
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2 4 extension at
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Load (Kgf)
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Abstract

Package design for Buddhist amulet from Mahawan community enterprise, Lamphun province
has the following objectives: 1. To design the package structure to have suitable of shape, utility and
costs of production, 2. To test the mechanical performance of the structure in product protection, 3.
To design graphics to be attractive, remarkable with unique characteristics on the package and 4. To
evaluate satisfaction form the package design. The sample were 10 of manufacturers and distributors.
For the population, 100 of tourists or anyone who interested in Buddhist amulet of Lamphun province
around Mahawan temple, Lamphun were selected. Use consumer behavior collecting survey method
to design the package structure of 3 types consist of Anti-vibration, Impact resistance, and pressure
resistance, which included cost analysis and the forming period. The result shows that Type No.3 is
the most suitable due to the use of kraft paper that can be decomposed naturally therefore the
packaging is environmentally friendly. It is foldable box and can be seen the product inside through
the front of the box with the least of production cost and time for forming. Moreover, the brand is
designed by using letters for the purpose of effective communication, with clear and easy to read that
also beautiful and interesting. The graphic was depicting the Buddhist amulet of Lamphun province
and Mahawan temple. The applied pattern comes from the stucco and the pattern written on the
wall on the chapel of Mahawan temple. Characters that represent the northern region by using dark
brown for a color digital printing method. Packaging design of Buddhist amulet of Lamphun province
covers 4 areas which are: 1. Market competition, 2. Compatibility with international system, 3. Safety
control, and 4. Conservation of natural resources and the environment. Overall satisfaction assessment

result is very satisfied.

Keywords: Packaging Design, Buddhist amulet of Lamphun province, Mahawan community enterprise,

Cultural Pattern Interpretation
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Abstract

The objective of this research is to design and build the mixing machine for asphalt emulsion
and concentrated rubber latex which can be used in the laboratory efficiently and safely. Firstly,
the conceptual design of 3 types of mixing machine was created, to compare and find out the most
suitable mixer construction type. After that, the mixing machine is built. The main components of the
mixing machine are a mixer, material tank, stirrer, and support. After that, the most suitable mixing
condition has to be found by using the laboratory testing results from Saybolt Furol viscosity, ductility,
and penetration. It is found that 218 rpm mixing speed by using the hook stirrer and 7 minutes mixing
time was the most suitable mixing condition because the mixture had a Saybolt Furol viscosity
= 20.40 seconds, the ductility = 150 cm and the depth of penetration = 55.92 units which met the
standard specification of the Department of Highway (DH-SP.405/2538). Moreover, manual mixing was
also conducted. The results were then compared with the results of the mixing machine. It is found
that the product from the mixing machine was stronger than from the manual mixing. From the overall
results, it can be concluded that the mixing machine has good efficiency, because the mixing machine
can decrease mixing time about 41% in comparison with manual mixing, reduce also material using

and make working more comfortable and safe.

Keywords: Mixing machine, Asphalt emulsion, Concentrated rubber latex, Efficiency of mixing machine
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Abstract

This paper aims to study the chloride binding capacity and water absorption of mortar
containing fly ash (FA), limestone powder (LP), and expansive additive (EA). Portland cement Type
I was used as the main cementitious material. The water to binder ratio was kept at the ratio of 0.40
and 0.50. FA and LP partially replaced the cement at percentages of 30% and 5%, 15% and 25%
respectively EA replaced the binder at 10%. The chloride penetration test of mortars was conducted
at the chloride exposure period of 91 days. The water absorption of mortars was done at the age of
28 days after curing. From the results, it was found that chloride binding capacity of FA mortars and EA
mortars was higher than that of cement-only mortars, while chloride binding capacity of LP mortars was
lower than that of cement-only mortars. Increasing the LP to binder ratio resulted in the reduction of
chloride binding capacity of mortars. The chloride binding capacity of FA mortars was highest. Moreover,

the water absorption of Mortar with FA, LP, and EA was higher than that of the cement-only mortars.

Keywords: chloride binding capacity, mortar, fly ash, limestone powder, expansive

additive
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naolsadasy (Free chloride) Jadusuusiiiing
pansyulumsMsiinaiuvesvaniasylunounin

AnLansatunsiniuaaalsa (Chloride
binding capacity) 199A9UNTAWIDUDTANT YIBE
ANuEINsaluNsEndumanlsnoase (Free chloride)
funsndudnlulureuniaviouesaslrnaraduy

[R=1

Aaalsangnivdn (Fixed chloride) Aanalnnns

Y

Saniloamnenienin (Physical binding) wagva
1Ail (Chemical binding) [1, 4] 994ABUNTANTD
1OIANS Imma%ﬁﬁgﬂéTU%ﬁ%himmmﬁw
sunsesamanasululasiadianeuninle faty
MNABUAIANSI BNBSANSHIANNEINTalUNSANLAY
raalsfge azdaedestunisiinaliuveandniasy
Tgadle n1s8adunaslsAnlienszsulun1TNIg
wiliinanansuseneulasuaaBeuegiiiun (C3A)

wazlanszupalesagiilumeslsd (C4AF) nllegly

Judwusdunan [5, 6] luvauginsinduraslsd

Y

o
£% o

AENsEUINNINNNIentuaaelsdgngndull
fiinvesnandnainufisenlawnsdunasufjfzen
Uasloanlln 1wy C-S-H, C-A-H, C-A-F-H, ettringite
LAy monosulfate TataNaTINAzBEA LHudy
[1, 7-9] Inganuaunsaiuineaslsivuaslasing
awAsunawunan wiindanUuszanu wavUSuna
Areldianun
NnAdeiininmifanUeslsaiu

Wy hasy FaMmu aensumaauninuaasiden

a

< v o <, v =
LWURU LLama@mﬂuwawaaalmmnqmm‘mmsuau

WU paUYU ATy uB U e UTUU S

AuautAneunIaliiinuAuNInIY [10] Loy

=

Wnaey (Fly ash) dadunanaselaainlssnunan
nszualviinidusanfidoaunldifeunuiiyudine
U9EIueg NI a1y Fean1sldidrassunud
YududuisdiugisanuTuianstdyudiuud
Feilwannisudesfeaisueulasenled (CO,)
dfuusserasnaag [11] Lﬁwaaagﬂﬁmﬂsﬁ'wuﬁ

U

Jududvidiuluasunindmivauneaing
wmﬂuawg‘dLLUUﬁgaﬁLﬁadaﬂﬂﬂwsiﬁLﬁwaa&J
¥l auTRdUANAMLYDIABUNSALRLLINT Y
1AgLaNIZAINUAIUNIUNITUNINTUARD LA LAY
ANNATUIUMSIAnaTu W udl [12-16] Ay msm
waz ATy @191ty (2562) [17] wuin nsld
wnaesluasunIaNauld N UAISouay 10 vinli
A umunsunsndunaslsiuesounIngNTy

@

pg19lshay nsldianaselunsunindeildesas
V1913 Wy desnisszesnaruiiiiuiuiy
AIHAUIRISISART Foen1siariauliidesn
171NN71 28 U ANIUATEVD9 Hussain et al. (2013)
[18] wuinnsliiéraeevinlisresnaniuineunan
uuduidesnnidiassaziinfAzendisnds
Audasnsthdmiunsiufasedeslsanin
Tusveze Deilami et al. (2017) [19] wuh n1suvudl
Yududusdiumeinasydmafsiennumumiy
miLmaﬂ%mﬂaaiiéLLasmi@m%mfw pgslitedAy

LLGiﬁﬁé’dé’mﬁmqﬁuamm Sadrmomtazi et al. (2017)
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[20] wudﬁwé’ﬁmamaun%mauLﬁwaaaﬁmq 7
waz 28 Ju MndmeunInTuRdIl Wirdnves
ﬂam“ﬁ'mﬁwmqqﬂ’jmauﬂ%%muﬁﬁauﬁmq 90 Ju

dmsunsiuyu (Limestone powder) {u
mawaaa%’fmnﬂﬁzmumi&iaaﬁmﬁaLﬂui’mqau
Ilugeamnssundnyuiiuuduazaounin 90
Aadfesmsliyuliuuiigiudsmansenunelfian
wan1zredundonainiivaiveulneenlyd
(Co,) ﬁqmJa'a&Jaammnﬂﬂﬁxmummamgu%muﬁ
[21, 22] Lﬁaaﬁﬁjzymuaﬁmazmiﬁﬁmawaasﬂ,ﬁ
17'iLﬁm}’mqmamﬂﬁﬁﬁwL‘ﬁuﬁaqﬁmiﬁmawaasﬂﬁ
Lmi’liu’ﬂ%'lﬁﬁaﬂdaa%"m (23] anans3felutagiu
LLamslﬁ’Lﬁuﬁdﬁ;mLﬁiummmﬂﬁaqﬁLﬂuwawaaavl,é’
wianinty [24] mﬂ%’mﬁuu‘jmmuﬁgu%muﬁ
vdwiliauantfrounindty Insnafiuyu
Az AL AL TnTsteIng (Filler effect) nnelu
\dlonounin uonani dutaesusevdarunuinit
dawafreduindeulnetisannisuasefing CO,
INNILVIUNTYRTLUGA (@AUSHINAINABINTT
T udiae) ﬂﬂii%wqﬁugmmuﬁU“u%muﬁmqmu
ﬁﬂﬁﬁwé’qé’mamaun“ﬁ'miumqawé’ugﬁu [25]
TuvasfivhlFasanudiesnisssesnaulidosas
[18]

Jgmifinannisnadinasiidasu
wsansinuaudAnldfsusisouraesusenis
fnudiulsvesturureunistulssmelve aels
aniligninds Tassadrsnouninerauandn
losanmsvasls uwinswesuesreunsaanse
munsldshensldansiatinamiiy 1wy asvenes
(Expansive additives) lngiilanaun3nvensda
aueinazasanisussaluidensuniniioy
aeldanmiigninds Seazdrsanvidovinnuae
LLﬁnﬁqﬁLﬁmsﬁumﬂmimﬁwamauﬂ’?mﬁagmEﬂfﬁ’f
anmilgndadetul [26] anmsinues Liu et al
(2019) [27] wuI1 MslgarsverelunoUunIn
Iuadleies (Self-compacting concrete) vnlvirnag
Savosmoundnanasintios Tuvadinsnaduuy
p9lnitla (Autogenous shrinkage) wagn1suAsa

WUUWAS (Drying shrinkage) anasagnsditudnAgy

015d1S3FONSSUANENS S1BUVAASTYUS

UBNANT S9N UANUAUNIUAITUNTNTUAGD

&l v
l5ndnee
l&) 1 =1

uifeiieAnwauaiunsalunisiiv

3

sy sal Y

ﬁ’ﬂﬂaa"lsﬁuazmi@m%mﬁwaﬂmimimammaas
ALY UUAZ AN TUENEM Tnefnuuesisfldszuy
TanUszanu 2 vila (Binary cementitious system)
LLﬁzixUUi’ﬁﬂUizmu 3 951l (Ternary cementitious
system) 1W3suiiisufuneddns Aldyudiuud

LWNEDEN9LRE

2. S19aIBUANTNARDY

2.1. TanuardILUNANADUNTA

nsfnwiflfyufuudiveinuaudlssan
i1 (Ordinary Portland cement type |, OPC1)
HuanUszanumdn uazumuiyudiuiuisdiusieg
1taoe (Fly ash, FA) HeuYu (Limestone powder,
LP) uazasvenssa (Expansive additive, EA) lag
aeAlsEnoumniinarautinisnienIneadag
Fldfwandumsed 1 dhasefldidudraseiild
nlsdlilihusiong Smindiune Tuvasfinediuyu

Al dunsiuyunliunnlsnugesiuyudmin

kY

a

anys lngruineuniAnfeveesiuyuedil 8 um

kY

a caa

druasvenamfliduandandud ndvreaiy
Viosnantulszimalnedaiuiagiiiaisusznou

waaeseanlen (Ca0) [Wundnlaunsuenedives
ansveneiiiAnanadnvesunadonlensenlys
(Ca(OH),) MAnNUFATelaInsTuveLARIToY
panlas dnuinasmanden (Sand) Wnsiowsith
fifiiAugs Iz 2.60 wazlugdaninuaziden
#13.10

lun1s@nyinansgnuvesin1aoy

HIfuYU wazasveIefIneauaINITnLiuln

v
§Y ¢ o

AaplsnuaznsAnTuLtu Tduesinsvianun 20 du

%% 54:4'15/ = s

NELLANAAUY gL ITULT L UHDE10REn

Y
2 o & sy sag v Y
WuTanUsanusiunesiinldssuuianusvauy

LUU 2 BUA LaghuU 3 310 995188808 ndILNaw

5% sq'e[’y

Y9IUBIASALAANIIUMITIN 2 EUSULBSASAIY

v ¢

YanUszanuwuu 2 sliausenaulunieuasdng

q

Muuyudiuiusdiuseiiiasedegas 30



(F30) 1o3ASNLNUNYUBUUAUIEIUMER ALY
Speay 5, 15 wag 25 (L5, L15 way L25) wavuasens

i a = 3 | v o v
‘V]LLWUWQU%LNUWU’N?{?UW?aaqiéﬂﬁnﬂﬁnﬁaﬁlag 10

s v =

(E10) drunasarsnldianuszatuiuy 3 via

sl

Uszneusnene i umuiiyuiiuudunsdaudie
Wasefesay 5 saudursiuyuiesas 25 (F5L25)
wos S Munuiiyudiuud ursdrudieidans
Sogay 15 auiuraiuyuiosay 15 (F15L15) desis
TunuiuBsiuseusmerhasyfosas 25 iU
wefiugufosay 5 (F25L5) wazuoidn{fiunui
Yuguudunsdiusieidiasesosas 30 siuiu
a1sveeiiseray 10 (F30E10) ngluniseenuwuy
dunaseIisiiendunese TanUsyau 2.75
yndunan warliSnsaniire fagUsyau (w/b)
7l 0.40 uag 0.50

15199 1 peAUsTRRUMIASLazaNURAN g
nenInvesyuTinud (OPCL) wi1avy (FA)
Hetiuyu (LP) uavensvenem (EA)

Chemical
compositions OPC1 FA LP EA
(%)

SiO, 20.20 | 36.10 | 0.06 9.60
Al,O4 470 | 19.40 | 0.09 2.50
Fe,04 3.73 | 15.10 | 0.04 1.30
Cao 63.40 | 17.40 | 54.80 | 67.30
MgO 1.37 297 0.57 0.40
SO, 1.22 0.77 0.01 18.00
Na,O 0.02 0.55 0.01 -
K,0 0.28 2.17 0.01 -
LOI 272 2.81 | 43.80 | 0.40
Physical properties
Fineness (cm2/g) | 3,430 | 2,460 | 9,260 | 3,500
Specific gravity 3.15 2.27 2.70 3.04

2.2. AnuauisatiuinAaslsa ves
183AS

lumsnageumaNuansaiuinaas lsa
(Chloride binding capacity) annsamlialnenss
waznsUszanadeyadon aendlsinm lusidded
lanaueisnismanuauisaifiuinaaslsnves
wpssE TR Sinsgiannnanis
wmaaum‘umiﬂ%maavl,iﬁuuuLLWﬁ'fT’qum (Bulk
chloride diffusion) vesue$613 lun1snaasu
widSinansunsniunaslsiuuuunssioualy

§Y s o

NDINNTANTUNNTANNINTFIU ASTM C1556 [28]

Y '

lngnaemogiauesfiisidugunsinszuenauin

4

VURUANONANN 5 @wuRwnT 89 10 wuRing
muduraNTioonwuUll ST uNaNaE 1 og
¥nsaeaLuuNIevdraeiieg1ndusseziia
24 lus deliiegsegluaniiznisvenein
louuudase (Free expansion) ag14lsnnnu
lulpssasieasensuninagegluaniizgemiiuy
a%s (Restrained expansion) $3e19dawarilet
ARUNIAAANTISUANSTILA Lazdemaldesraninunanu
yesnaunIn Mt nhiedsluliludidusses
nan 27 Su newhlwdgiudsnedeunaslse
dloshegisueiininsueguimuszeznaiifivue
w3 whiegatuainiwasielsliudsluainie
Huszeznm 24 $lus anduvhnsmifuiigedng
faedfendifietestululinaslsfunsndudily
Tugheena Inseniiulivilsinu (Fhuuudivae) sagu
i 1 wWioldeaelsiaunsounsndudilulugets
AADAYIINIINAAEY NaIINTIBRENTUT WU
Juhmegrsliurluasazareindenaslsnauty
Sovay 5.0 Wusvezian 91 Ju lngaamginaon

RN INAFOUBETIUTEIIM 30°C + 5 BIAIATYA
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# 1 FadunadnsseninaUsinunaslsinmnnuag
LARDUBDNDNG ¢ ¢
6

V USunauraalsnoasyuauasang

@ 3 Caltot.) = Clt,t) + C, (t,t) (1)

asavansindonaslsn Y C,(t,t.) Aovsunumaslsaaiualunesang

(evaglaeminvesianuseay) ; C, (t,t.) A9

“fix
= o

Usunaumanlsangninisuluuesdns (Sevazlaen

U

UM 1 MInaaeunsunsnduaaslsa

UBIBINT3 wiinvesianuszay) ; C, . (t,t.) AedTnanaslsd
\dlefetnensuszoznanndanaslsd dasrluuesing GevarlneiminuestanUszann);
wiSnhmegteananansaraneindonaosindll t, ApengshedamediifisyaznanGundanaslsd
Turidluenne udthdegslusaduudumundiag Felunsneaesiviuiusveznauth () uwas ¢
1 wufuns A1uaue1Ianfantiduiiedey fosrurnaSumdynaslsdvasasing ()

aaolss anthniuruiedsigauwdluunduns
N1uAzLASUes 20 Letilunadeunuiuim
paslsalunesing Inalunisunsisdisasidenaniy
USURSINaNIwe Ui uiieg 1 atiilenanides
naslsaitensuutouaindudnsldlunsmusunm
naslssmamun (Total chloride content) uavUSane
Aaalsndasy (Free chloride content) Tudas@ns
VRDUANNNINTFIU ASTM C1152 [29] wag ASTM

1218 [30] IngUSunanaslsdiignindu (Fixed

chloride content) @u1saAulIilAaINaUNS

AN5199 2 AURALURINBSANSTIUNSANY

o v oo Seopszanu (ko) 318 (SSD) i
el | svEdaegng

Yudiuud | hase* | a1sveneda* | weliuygur (ke) (ke)

1 C1iwao 1.00 - - - 2.75 0.40
2 | C1IF30wW40 0.70 0.30 - - 2.75 0.40
3 | C1L5W40 0.95 - - 0.05 2.75 0.40
4 C1L15w40 0.85 - - 0.15 2.75 0.40
5 C1L25w40 0.75 - - 0.25 2.75 0.40
6 C1E10W40 0.90 - 0.10 - 2.75 0.40
7 C1F5L25wW40 0.70 0.05 - 0.25 2.75 0.40
8 C1F15L15W40 0.70 0.15 - 0.15 2.75 0.40
9 C1F25L5wW40 0.70 0.25 - 0.05 2.75 0.40
10 | C1F30 E10W40 0.60 0.30 0.10 - 2.75 0.40
11 | C1W50 1.00 - - - 2.75 0.50
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AN5199 2 AIUNALVDINBSANSATIUNSANY (FB)

o v oo TaoUszany (kg) 318 (SSD) ih
vl | sviadieg

Yuduud | aee* | @vsveneaa* | weduyux (ke) (kg)

12 | c1F3owso 0.70 0.30 - - 2.75 0.50
13 [ cietowso 0.90 - 0.10 - 2.75 0.50
14 [ ciswso 0.95 - - 0.05 2.75 0.50
15 | C1L15W50 0.85 - - 0.15 2.75 0.50
16 C1L25W50 0.75 - - 0.25 2.75 0.50
17 | CIF5L25W50 0.70 0.05 - 0.25 2.75 0.50
18 | CIF15L15W50 0.70 0.15 - 0.15 2.75 0.50
19 | c1FasLswso 0.70 0.25 - 0.05 2.75 0.50
20 | C1F30 ELOWS50 0.60 0.30 0.10 - 2.75 0.50

S~ < , & v [INRIY]
nuewn: *unuiyuiuuiunsdinuluiosarlneuminTaguszau

2.3, nagaButh

mwmaaummm%uﬂjﬂ (Water absorption
test) gaddunisiiteduiamsnsinisgady
(Sorpsivity rate) W3o8asIN15QATAL1 (Water
absorption rate) wuRIntdIRg OIS ae
Tunrsnageuldldfaminfregrmidaduiady

[

wiatuihNgaumgiivies Tuvaeiifegnsivie

=b

a

gnUanilnetiiiednasenisgaduinluiiudiedis
AULFET (irnafien)
NMIATULNVBDININAFRUAUNINTIU

§Y ¢ &

ASTM C1585 [31] lagwdesiiegreuaiasidugy
NFINTTUDNVUIAFUHIUAUINAS 10 [URIUAT
YU 5 WURLLAT duNENay 3 F29879 YA
ponuUUMend s duszasinan 24 $2lus
Mntudsihdegndluudludilussesnan 28 fu
waIINATUOIgULLEY thdmegtlveuludeudu
syezan 3 iuﬁqmuqﬁ 50°C + 2 pywadyd
ntuthdfegweanangeulasifvliluavus
Un udriialiluvieseunugamgdil 23°C + 2 asm
waea 1uszerian 15 Sy 9ntusiinisie
nilneremibiavasuiunata@na1ut19i 10819
wEhiegreludlunsus i ildnsouly

v
o o

aaandlugun 2 Tnennedeegrdlidudaduingn

3 wufiwas asUssuia n1sgadutn (Water
absorption) gnsiinistadaeiinisdaiinin
fhegeifintuluzaena 1, 5, 10, 20, 30 uay
60 wit ndsantudeinistann 4 6 Falue Sns
nagaduth Aomauduronduruduiusssing

mmi@m%mLﬁauﬁ’umﬂﬁaawamm

3. HAN1INAARILaLaAUITY
@ W I3
3.1. Andasainuinaaslsa

AMuarusatiuinaaslsfluauided

o

WnaualuzUresmuduiusseninUsinunasl

'
a

fgndaduiuysunanaslsneanue “solsenin

Y

= o

gns1drunaalsnNandndu (Fixed chloride ratio)

Y

a Y £ i ¥

NrsanAnuaEIsanuinaaslsalulesa1snly
Faguszauuuy 2 viauanadaguil 3 uay 4
AdIRU n3UT 3 Wudn AnmansaLAuin
ARDLIAVDINDIASHANLO 10 DULATUBSASNENENS
vened (Tanuszanuuuy 2 viln) ganinuesnsily
YuBuudifiesetnafien uazidloiTouiivuseming
UOSASNALLNARNUNDIANSHANATVENERY WU
ANuansaiuinAaslsAveIeIAsNaLLE a0
gend1uesATHaNa1TvENEMT TnuANEINTTH

wunneaslsaifiuTuresuasisnaudaswLay
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wesAsNaNasveefieI iU Azeved
LANADYULALAISVLEA I UNDSASNa AL AR C-S-H,
C-A-H Uaz ettringite 1nTuTsasusenauimanil
fnuautfnaiunsadaduaaslsdlarenalnmie
e [1] gslsiny Weafansunansenuves
P a ' & o s
HIAUYEINTUN 4 nudn ananansaiuineaslsd
YOINBTANITINAUFIAUYUAIN TN TATTUUARIY
waztileldusuyuludsunanundu (Wuguan
$vay 5 9 25) damarildaduanuisaiunn
AaplIRveINeIANsanas InTzlesnannUsune
YUTLUATIanaINNSILTAIEHALYY (Dilution
X a ° Y a a < @
effect) WONAINU MINUYUDIWVIUUILNLLTUIER
D e g L ¥ .
Frutfunulnseresineneluiionsunia (Filler
effect) iloannilutanesldaunsaiuise

funandnnlaannujnsenlawmsdule

1.00

e CIW40
A CIF30W40
0.80 1 ¢ CIE10W40

0.60
0.40 T

0.20 4

Fixed chloride content
(% by weight of binder)
\
»>

0.00

0.0 0.5 1.0 1.5 20 25 3.0

Total chloride content
(% by weight of binder)

n) NdnsaruidedanUsvau (w/b) 0.40

idlofinnsannanseyuvesmeiinsilitan
USTauUWUY 3 Seuusenuadnsaiuinaaelsa
mﬂgﬂﬁ 5 wud1 AnuEisaiiuinaaslsnues
WosEsTnauLdaesnfuaIsveefasnIves
UDIANSHANLO1ADULATUDS AN NANFITUYI18A 2
Wiwseghafen (Tanuszau 2 ¥ila) agdlsiny
aannsasiuineaslsivewesinsinaudans
srufvansveneingenindleiiisuivyesesing
FLuunau mﬂgﬁﬁ 6 NAsUANNEINTALAUAN
naslsdvesuaifnsnaudnanssiufuneiiuyy
wuin eldidaeslulSunadiuniuluvnsild
mﬁugﬂw%mmﬁﬁaaaaﬁamaﬁﬂﬁmmmmm
Aufinaaslsivewasinstiuunlthniiuiu uenaini
aannsaiuineaslsivewesinsinauians
saufunsiiuyudiniivesues i inauidias

SEANGER

—
E=3
S

C1W50
A CIF30Ws0
CIE10W50

o
[
S
L
*

=4

=

S
L

Fixed chloride content
(% by weight of binder)
o
-
=]
\
\
\

0.20 A

0.0 0.5 1.0 15 20 25 3.0

Total chloride content
(% by weight of binder)

(v) igmsduire TanUsyatu (w/b) 0.50

5UN 3 Amwanansadndumaslsnveesisnliianguszaiuiuy 2 vila

(HpIMsSNaLLiaRELAYIDIASNANANTIENeR) MendunTgyaaslsalusyeznal 91 Tu

100 CIW40

CIL5W40
CIL15W40
C1L25W40

0.80

e > o

0.60

0.40

Fixed chloride content
(% by weight of binder)

_-0
020 A =k

0.00

0.0 0.5 1.0 1.5 20 25 3.0

Total chloride content
(% by weight of binder)

(n) ﬁé’mwd’mﬁwiai’amqﬂizmu (w/b) 0.40

L0 C1Ws50

CIL5W50
CIL1SW50
CIL25W50

0.80

mepr>e

0.60 -

0.40 A

Fixed chloride content
(% by weight of binder)

0.20 A

0.0 0.5 1.0 1.5 20 2.5 3.0

Total chloride content
(% by weight of binder)

() ﬁvmﬁd’awfwiai’aaﬂﬁsmu (w/b) 0.50

JUN 4 anuaunsadaduaaslsdvetedinsiliTanusyauuuu 2 viin (Wosinsnauniuyw)
Mendandemaslsaiduszesina 91 Tu
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CI1W40
CIF30W40
CIE10W40
CIF30E10W40

=]
o0
S
mer>o

Fixed chloride content
(% by weight of binder)
\
»>

0.0 0.5 1.0 LS 20 25 3.0

Total chloride content
(% by weight of binder)

(n) ﬁ”mswdauﬁwiai’aqﬂizmu (w/b) 0.40

v

=3
<)

CIW50
CIF30W50
CIE10WS50
CIF30E10W50

=3
3
=3
HeD>o

I g
s =N
S S
L L

=]

b

=]
s

Fixed chloride content
(% by weight of binder)

IS
=3
>

0.0 0.5 1.0 1.5 20 25 3.0

Total chloride content
(% by weight of binder)

) ﬁ”mﬁwéaufwiai“aqﬂszmu (w/b) 0.50

JUN 5 anuaunsadaduaaslidvetesinsiliianusyauwuu 2 viin uay 3 vin

(WosisHaLLiaRELATAIUEN86) MeraunTgyaaslsniduszevnan 91 Ju

1.00

C1F30W40
C1F5L25W40
CIFISL15W40
C1F25L5W40

0.80

e >o

Fixed chloride content
(% by weight of binder)

0.0 0.5 1.0 15 2.0 25 3.0
Total chloride content
(% by weight of binder)

(n) AdnsrdnihvieYanuszan (w/b) 0.40

Y

—
[=3
=3

CIF30W50
CIFSL25W50
CIFISLISWS50
C1F25L5W50

=}
%0
=3
oe o

Fixed chloride content
(% by weight of binder)

0.0 0.5 1.0 15 20 2 3.0

Total chloride content
(% by weight of binder)

(¥) ASnsrdnaihvieanUsyan (w/b) 0.50

UM 6 AuaunsngadunasldvesmeimnldTanUszaiuiuy 2 vlia wag 3 viia

wosisSuauiinaesLarraiuyy) Mmevdandgyeaslsniduszezna 91 Ju

160.0

140.0) 4= Bw/b 0.40 I

Ew/b 0.50

120.0

100.0

2 o =
s 3 8
= ° o

Water absorption rate (x10/s%)

)
S
=3

3
>

vl »
& &

N N
S

UM 7 nIgadutvestesisHaiaey (FA)
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Abstract

This paper presents an oil mist lubrication control system using NX1P2 Programmable Logic
Controller (PLC) instead of microcontroller. The PLC control program is designed according to the
I[EC61131-3 standard structure. The control system can be set and displayed the operation via a human
machine interface model NB7W-TWO01B. There are 7 sensors used in the control system, which are
divided into 3 types; level sensor, temperature sensor, and pressure sensor. These sensors send the
signals to PLC to control the status light, oil solenoid valve, oil heater, and air heater through the
solid state relay and mechanical relay. The PLC control program uses the Auto-tuning function to
calculate the appropriate values of Kp, Ki and Kd for the system. Program testing; the heater operates
when the temperature reaches the set value, the air pump operates if the air pressure is between the
set value, and the oil pump operates when the oil level is below the set lower value, it stops when
the oil level is higher than the set top value. The results confirm the accuracy and reliability of the
proposed control system. In addition, the system can alert via status light and store data or events.
The oil mist lubrication control system using the PLC is used at PTTGC # 4, which is set up according

to the Site Acceptance Test. The result, the system operates correctly and efficiently.

Keywords: oil mist lubrication, PLC, microcontroller, human machine interface, regulated control
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Abstract

Rice malt was prepared for beverage production of different three formulations. In three
formulations were consisted of malt flour from riceberry, fresh milk and stevia sugar in the ratio 50.0 :
48.5: 1.5 (Formula 1), 50.0 : 49.0 : 1.0 (Formula 2) and 50.0 : 49.5 : 0.5 (Formula 3) respectively. Each
formula was added with 0.1% of gelatin. Then the ingredients were homogenized to mix together.
The resulting beverages were analyzed to determine their physicochemical properties include color
value, moisture content water activity, anthocyanin content, viscosity, pH value and sensory tests. The
results found that the malting process can be divided into three steps, soaking, germination and kilning
was effected to decrease of anthocyanin content from 1.94 to 1.17 mg/g dry weight. After that in the
production of beverages by mixing with other components, it was found that anthocyanin was presented
between 0.17-0.24 mg/ml. While increasing the ratio of fresh milk in beverages was showed increases
in overall color difference value (AE*). The viscosity values of three different formulations of riceberry
malted beverage were similar ranged between 15.83-17.17 cP. Including their acidity levels 5.5 to 6.0 or
classified as a low acidic beverage. Sensory evaluation of the quality attributes of the beverages (color,
homogeneity, order, sweetness, flavor, viscosity, and the overall sensory) were revealed that consumers
give the highest overall satisfaction in malted beverages made from formula 3. Including the formula
3 was a statistically significant difference (P<0.05) compared to formula 1 and formula 2, which is not
significantly different (P> 0.05). This formula that has the lowest the total soluble solids content (TSS)
(7°Brix). Moreover, formula 1 and formula 2 were presented the total soluble solids content 9°Brix and

8°Brix, respectively.

Keywords: Rice malt, Riceberry, Beverage, Anthocyanin, Physicochemical properties
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SUUsEMUNDIERNAS AN NIRRT N1NTUNE
FahlUldvinansueienmsinaudnds tieanseay
lvsfunazasaamesea Jasnulsamla PIYAIUA
Umtin Feszuuduais [7, 8, 9] uazyanAyoe198s
1 ¢ Ao a a oA o« a
Imlstwesdllansylantansenin “woulnloeniiy,
Anthocyanin” \ussninguieansd (Pigment) finu
Tuin naldifidunansedle arsadaweulnleeniiy
TauUAdulnvuwndy (Nutraceutical) 1Wuas@nu
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a |

auLadATE YILVLARAINADNTDULAS YIan
gnsudsaresnsiialsaiilanaziduiiongasiuy
Tuanss arenr1sdudalulimdendudndudau
YraaAULdeNYRINIINT Yredudigdunidnelsa
Tuszuumaivenms Faduamnvedsaias
warawsufiy [10,11,12] mﬂqmﬂiﬂwﬁﬁmén
o & v o ea 1 a a v & | a
Faludnmeiugmhduaiuludnsiidusgieds
é’qﬁumﬁﬁmnﬁugaﬂ'ﬂmammﬂigﬂ
I3 a o ¢ 1 v ¢ = a v v ¢
WURARN U9 WU 91IU08R F9agUnRLAIT1INBAR
ALHANINT1IVISLAENTIIAEe Aradd197n
A19UsEwA TagunU1UaB MY U INTUU LD
ThAnn1s99n wal39191UaenNNaan T UL
paansmtluaulvwiaaldedonoen 38nsi
MAANULAza591M19619°) Nazasuiladang
aglulindny wenanddueaddsln Jandiuuay
| a o W v | A A a 9
wssmRdAgunune taun Tsuiasuasng
nmsiivle whaleunYelEsuasensean Innilule
Un3daenn Iandugennniiuazigadangg ves
1 aa a =1 a a =
319718 wagimiudnanesiia luosdu WWwnawey
Noanasa wunid@eoy F9aukduaiinuswdu
pgBsanIsRsyAule Lazunisluanseinisni
Uselawiivatiufeans GABA [13] 91nAnaaun
- I a | A a
U NLanvrilktaanaLnsIzIdnsasu
Wutanauiediu savasadasundasiulunig
AaX A A o v v A o Y = A
757U wardadlavrlulienusounseriwie 9
aa a I o P 2 aa
sav® & karnduneuiluenanwalianie Wunday
Ve uslaa uaziauA1nlnyuInisadaingin
a159 mM159ilnn9e Naseazauegluwdadn
S¥UINaNISIan [14, 15] anuaddainlvtinide
a a Y & A v s a
TuudnlunisenseaudanetduAednlsdiues
Taswaud undnSusiaseanud1iuaasann
v ) 2 A oA Y a o ¢l |
T1uglsdives welvlandndueindnuamie
TAYUINNTELAINABNNSUSINAUTENBUAUINNNIS
Anwdeyanuindnduginmnandslaiinigseny
o ra¥mauluseadIunauimusay Ay
NuITeddaglainnisAnyraud@nianienin
Pt YR A A v ¢
LazLATlUN1SUSUAIUNALLASBIANT1INDAR N
o o & z:' % a o sw & <
iuglsdiues suwdwmdndmeidnanitosdu
a = & 1 ° '
dnuilimadenvesuszneunstunmsthluvenesie
a a & 1
Wandlvdna by




2. gunsnluazisnis
2.1 mawBsuthaiuglsdiue’
%’m?gaéﬁnLﬂﬁaﬂﬂ’uﬂi%ma%ﬂmmwﬁ
wanauysnl dze1n flAenuTuUszanal 1213%wb,
NNYATNTIUTINIAUNUsIT WiANEzen
Iagn1siduen uazeos Aoufiazilunaaou
Tuduneunsidiueaddely

2.2 msuandueadiuslsdiue’

. hdadeniuglsdivedneiunis
vheuaveaudutilugnsh (Wise bath WB-
22, Korea) euAnaangi 35+1°C \unan 24 hr
W%fauﬁy’ﬂﬁwmim?iauﬁ;mﬂ 4 hr iiledesiunsusin
999917 1iloasuiaImuimun nsevoLLan
ruudeneen thlugtuneunisuslaeviedaetnem
vnazaagni thiddaauauaa ity (Binder KBF,
Germany) figaumnfl 35+1°C Anududuiins¥osas
90 \funan 48 hr agldthuuden lsdiueiisen
ANUEIVBITINYTEUI 3-4 mm.

. dhdeg 9t 1denituglsdives
NN290N101g NTEUIUNITARIBLATBIAITEUY
nineslrimnusougamgil 120°C finan 20 min
ntuanaufudieniseulugauiou (Binder
FD115, Germany) flgaumal 50°C QunseanINY
anvheegiiuszana 13%wb wazilunzmziden
sheeiaanzime (Model P-1, Thailand) lsiifutn
ndowoadiuslsdiue’

23 MSASENdIUNANTDLATRIRNTI7
ueaduglsdiuasi

Mnduneunmanandnueaiiugltiued
ntuthuraniudsdemedanisldidondae
w3eeldluin (Promix OP-001, Japan) lag
w108 1991eadlutisnsidud e 1 dau
fot 2 dau gl 30+2°C {lunian 3 hr uaziin
Tigroedodlyilnin Wiolddhudsiminsesdae
fumunsdestuauldinudsduead aniulsu
Usunavesudsitazaneldmeiazenauarnsnm
SamUSunamedsiiavarsls ~7oBrix fewedes
2usisnlniimed (Hand refractometer) 91ty
Aasgrandfniu Usuasueulnleeiiiu and
Anunile wazArAadunsadusng
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. damSoudrunauvoadannlu
FNTIAIE T 3 gAT LA duteinueas
Wuglsdiued usan waztanangmu lusnsay
Yovar 500 : 48.5: 1.5 (gns7 1), 500 : 49.0 :
1.0 (g0 2) wae 50.0 : 49.5 : 0.5 (gMs7 3) P
a19u TulsazgasiAsanfu 0.1% Taethwin siadl
Sns1du 50% voshuienueadldainnisine
\osdusumunzanlusasiamiug antuih
TUlslaFludaneinsadlaladluwes (Ystral 3 X10/25,
Germany) 7 leludluwesvunaduriuaudnas
24.9 mm. A1A559U 16,000 rpm LUuan 5 min
wagyhnegevanUAIanen wwaziaine U

2.4 N153ASITRANTANIINIEATNLAL

241 unaenudusasiiemes
WoRRIA a,)

naaeuUsIamuulnedaimn
f0819T U 2 g BUWIMEdaUaNTeu (Binder
FD115, Germany) flgauvindl 1050C LHuian 16 hr
97198435N15NAERUINUINTFIU [16] wazyIAn
Jomesueniin (a,) MelrierinAneinesLenAIn
(Aqualab 3 TE, USA)

242 ad

SarnAsnewndesind (JC801, Japan)
enuRalugUves L*, a*, b Faeiie 3 Andunis
wanan1siaaadlaefian  L* o A1auddng
(Lightness) fA1anuasnauiniiowalng 100
wazdmnudiadliedlng o A1 a* Aeriannudu
2387 (Greenness) iafAnduavuaziaiaiy
Juduns (Redness) wiadaniuuin wazen b*
fio Aeundudindes (Yellowness) dlefanduun
wazAmfuiingy Blueness) efldnfuau
LALINAIAMULANA19URIEIAESIN (AE*, Total
color difference) wanasisaunisi (1) [17] Wisuifieou
S NABUNTEUIUNTHAZNAINTZUIUNNT Deriou
vimsinend in3esindgnuiuifisuandisnss
989AEsI8 Standard Calibration Plate A1 L*, a*
way b* 1iiu 98.11, -0.11 and -0.08 MUAIRU

AE" = (L~ L) + (@™ a- ) + (b™- b))% (1)



Tned

AE" = anuunnangwesd (Total color
difference)

Ly, L = ANANEINUDIAI08 NN UNIZUIUNT
LAENAINTEUIUNNT

a;,a” = emnududdemiedunswaiiegng
ADUNTEUIUNSUASNAINTTUIUNNT

b b = Arpnundudindendedtniuves

FI9Y 194N DUNTTUIUNITUATNA
ASLUIUATS
2.4.3 YSurauaulnlyeniiu

AaseiuSunaweulnlyeniiy (Total
Anthocyanin Content) [18, 19] lngln3uusiiogng
widasiu 1 ml Tdasluansazans  enludnlslas
AaB3N (lNsUBA 95% 85 ml fa nInlalasmassn
1.5 uasuea 15 ml) USums 25 ml we gy
EPREREIIA aqﬁﬁuﬂaaéué’aﬁﬂﬂLﬁuﬁqquﬁ
4°C w24 hr ntutheenuInsessunsE Ay
nsoaues 4 Usuusuinsaeaisazalatoniluan
lalasmansnlifiusunns 25 ml wdairludnan
ﬂﬁ@fﬂﬂa‘uLLEN@]J’JEJLﬂ%‘lm}fmﬂ’liaﬂﬂauuﬁx‘i (Thermo
spectronic Genesys, USA) finnnue1andu 535 nm
Tneldarsararsenluanlalasnassn 1Judn
Uuaug (blank) Awamysunaumeulnleeniiy

FamuAINELNNST (2) wag (3) el
Total Absorbance = (OD,,, x Vx100)W  (2)

Total anthocyanin content (mg/g)

= Total absorbance /98.2 (3)

Tnei

v - USuwwesansazatsfiviunviuiuiem
waulnlwendiu (ml)

W = YSunaeesdiedaaiesnuiiviuinn

USuaumeulnlweniiu (ml)
OD,,, = ANIIgAnduLasiisuldaniATeain
NIAANEULAS
2.4.4 aranuniauazatanadu
nsadunng
AAunilnasiiensIasisA3o
JaAutuniln Brookfield viscometer (Brookfield
RVDV-II+PRO, USA) Tngldiadiuuuis No. 1 USuna

A19819 250 UAdaRSABNISIALAAEASY 8IUAN
a o < o e | a
N5zAUANUIETITOU 150 rpm UuiinArnuvila
Tundsswudnesn (cP) ¥n1singn 3 91 Taan
I3 I3 | o 1 A A v s
AU TUNTAUUAIIYBIA D81 LATDIANYILDAR
P o e a v a

ngIuglsdiueirieiases pH meter (Jenco
VisionPlus630, USA) YNns3iagi 3 €1

2.4.5 ANSNAFIUNIIAIUUSTEIN
EUALG]

° a o | A A

11n15Us 2L IURAL08 19LAS DAY
aulszamaunalneds 5-Point hedonic scale
(5 Azuw) IUiTEAUATLUL 5 SEAU AB 5 = FBULN
4 = 99U 3 = vanhkilainveunseldveu 2 = liweu
1 = ligeunn Tudurmudnvuenng @ anudu
WBLREINY AU ALY SETIR AUNLA way

vy P Y a

ANuveulagsw MEvaaeududadunguiusiag
17U 30 AU IATITINSUTIUTBUNI9ERRLUU
Duncan’s new multiple-rang test 7szAUAIM

WatluSouay 95 MeluswASUNIEDa

2.5 NMFAATIZUNISEDA

TWlUsunsuraufinmediiiodasevinanis
VAABITITEAUAILLANAIIVINGERR 95% (One-way
analysis of variance (ANOVA)) iagvinnisiU3guliieu
Aadenaisves Duncan New’s Multiple Range
Test (DMRT)

3. naMsANY LAzl
3.1 wan1sAnwIaudAniInIenInuae

o

wilvasdrandesiuslsdiuaiuazdnueadiug
lsdiua’
uiteilidunisinwinisidsuudas
audivnanienmuasiaision1susudiunaslunis
wAnNARSuTilATe i ueadand1iuglstiued
erdudoyafiugiuluninilundaiadeadiy
Fnueadaindiuglsdiuedtiiunsmanelsd
sol Tnedldunausdn 3 9fa Wiud dulsinuesd
fuglsdiued unan wasthmangvaiu nieuvi
damanfuiielidiunandiu fadnssuaunns
Budtusnisuandaueadaind1aiugldiued
Tnan1smaaosiense 1
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= = =~ wa ~ v % v 5 o s =
131N 1LﬂiﬂlﬂwauaﬂumvnﬂﬂqﬂﬂqwMagwmmaﬂﬂq?ﬂa@ﬂ&agmqﬁmaamwugh%UUaﬁ

L. waulnlyeiiy fin ANNTY | 29MMBsUeARdA
MDY
(mg/g dry weight) L’ a’ b* (Yowb) (a,)
BR 1.94+0.16° 20.25+0.01° | 7.29£0.02° | 7.58+0.05° | 7.89+0.53" 0.29+0.01°
GBR 1.17+0.08" 23.39+0.02° | 4.78+0.08" | 5.17+0.13b | 10.19+0.53° 0.30+0.01°

ARAEINN1INARDY 3 91 (Aede+SD.) laefmunly BR fie 1indesiuglsdiued; GBR fie d1iueadaintaiuglsdiues

ab v e o A o e aw o w an
EJﬂT‘ﬁWLLG]ﬂGYNﬂquﬂaaNuLﬂﬁ?ﬂuLLﬁﬂﬂﬂ’ﬂNLLG]ﬂGYNﬂu@ﬁ’]ﬂuuﬂﬁ’]ﬂfy]‘ﬂ’wﬁﬂm (P<0.05)

31715197 1 wudrg1lsgiued (BR)
dlethurunisnzimzdenaziidnvas i
W et lUnageumusunaasweulnlseniu
(Anthocyanin) Tyawinfu 1.94 me/g dry weight
Fadirwwenudadnlsdietifudfdarsngu
walawesd (Flavonoid) wiefiBenitasuouln
lgeniu (Anthocyanin) 1duasuoumoondunus
(Antioxidant) yiwiifiduiveyyadasy wazdae
Alrnalnnisiraueessisnieiidse@nsainuin
Funiund [20] datunisfidalsdueifineaoud
flansuoulnlsenfufidusslonisedndunansoue
91M138UNMN (Functional Foods) Pvanmudes
m'amsl,ﬁmiiﬂﬁﬂﬂqmﬁw,l,azmL%q [21, 22] waviile
Thiwdenlsdueinrhutuneunisnandnueas
Tnsnsuttngumfl 35:1°C uan 24 hr 13Uy
TgnmgfiAuanududuingsesar 90 Wua 48 hr
auldidenlsfiuedfisen neuhludilgamgi
120°C fivan 20 min wazasAuTuasTiUsEINal
13%wb neuthlunageumyusunaaisweulnleen
Tu nuhliranasegeditedAyeada (P<0.05)
71 1.17 me/e dry weight Fan1sanaseraaziiiesan
nsTUIUNSWART Leadiiet et uTuRoy
Wansud msane nslennudeu Ssdenasienis
anasvasarswaulnlvendy Wesanaudfves
woulnlwendiavanelaamluin liates aaned
I dessnuseu eondau wae Welaseadng
Wasuwlasdazdsulddae (23] agrelsfin
F1ueasindnand1ilsdiuesdinsivudunaens
woulvlendumdosgiiuustleviseduilng uas
nszvunMskandnueandumsuuuganmdn
drelilsawi & wazndunemfuendnualions
wagdailiuidesnuimuamilavunisigs

015d1S3FONSSUANENS S1BUVAASTYUS

FuAnnnansewnsuiinmae ﬁa%’wazauagﬁumﬁm
INsEWINeanI1seen [14, 15]
YeNaINENsTUILNSHART 1INeAR 9N
driuglstiueddliinindieuiisuandfoes
f18819N D ULAENAINITHANT 1IUBAR USENBU
§re ANE Ay wavUSunanidaseddiuad
A5 1 wusandvesinindaslsdiuednounis
NANYINBARTIAT L* a* way b* winnu 24+0.01,

7.29+£0.02 wag7.58+0.05 suanu
Yo UAAT 15T UDTNFINITHENTINRAR LAY

Tuvugand

uaneegeiitedrAgnieaia (P<0.05) uagli
ANVNAU 23.39+0.02, 4.78+0.08 Way 5.71+0.13
AudsU HaddanalddnsEninanssuaunsana
Mg wagnsustunatuuiliiianisvedn
voudnd dwmalvedsanuvesiilsdiueingenis
wAnieariuTihanas feyadenanilaonados
FunsanasainnsauSunaeanswoulnlsedused
T@naaluudn waznsinsIEAIrILTunyn
ABUNISHART1INDARLYINIAY 7.89+£0.02%wb
LaYA AT UNEINISHART 1A LN AY
10.19+0.01%wb FeAarmdudendnaglutis
7-11%wb ie17ls9iueIndinisuandiuead
fieeuduiiaty Wesmnnsudndueadiinisud
wazvudiiduesdussneundn dmalirmoimes
worddn ludnlsduesiunltufiuiusntosan
0.29+0.01 1Uu 0.30+0.01 LAXLAAIDIAIILLAN
f1aneatia (P<0.05) usidadnaglunguermsuis
Asunanindasesnin 0.6 Tneitdnewmosuendin
vendasianiluemis dwaldemisiinnis
dewdeldine fotthiiflegluewnausazaiinginng
fadnoglulassaina vifeluianavesansdu My
d21uU5ENaUVRIRIMITIUFURUULATAIILUTIUS



| o = a H a ' A a
@19 sudeUs I lue I sinanen1S dLLEY

a o ¢ a a6 a ¥
YRIHANAUINTDIINFUNTIA TR LAA LY
9IMNINANUTUG [24]

3.2 aswasuwlasandinisnienin
uaztainantsusudaunaulunisnanndniue
in3ashutiaueadaindraiuglsdiue’

a1nn1s@neluidosdunuiinisuan
wieshudediddny Ao @ avuvida sand way
saluianmamslasuins 3] feueuided
Seinsnageudosdunaznuingnsidiunisly
e ueadivunzaude 50% a1ndndqu
TuesdUsenouduy ifosanldinismeaevands
sanamenmuazanufianelavesiuilaadoy
Fauitelwlddosiusanafs Sauouves
doduda warfdoguanguilne Tnidedsld
fvusduNaLveaAIesRLUsENeUAY tuilenn
dueasiiuglsdiued wuan thmangmu uas
wadiu lneimvundasiduieulumieesidud
yestmidnlunisuamedesiuiu 3 gns e il
drweadituglitiued uuan wasthmandvn
Tudwsidrusovay 50.0 : 48.5 : 1.5 (RM-01) , 50.0
:49.0 : 1.0 (RM-02) uaz 50.0 : 49.5 : 0.5 (RM-03)
MUAFU UagUsazgnsiAuaaiau 0.1% i
Thdhsuseededaludluwes eliannissus
Wudoironfunagliifnnisuendu wieldnansoei
W 3 gasudd JhmsBnwaudimanienmuag

s

wilnSauiadIsuiisuiuiiwteaindriteadiug

lsdues RM) AldldnauiussAusznauduy Trka
NSNAFDULEAIAINITD 3.2.1-3.2.4

3.2.1 wan1sAneUsanaeulnlyen
fusiensuiusrunanlunsudandnsusindasiy
fhaueadaindriiuglsdiue’

PMNNINAdeUAIEITwaULNwnTy
ﬁqgﬂﬁ 1 wuinUsunameulnlyenduaniiuds
Frmoadiuslsdiued (RM) a1 4.873 me/ml uag
dorihutlsimueadiuslsdiueiunyins

PMNAINAdeUAIEITwaULNlwny
ﬁqgﬂﬁ 1 wuinUsunameulnlyenduaniiuds
Frmoadiuslsdiued (RM) a1 4.873 me/ml uag
dornhutsinueasiiuglsfiveduhnsnauiy

ULER ﬁwmwawzﬁwumu LaglIaAY Lﬁamiﬂ%’wqq
sanAuavilrialosmuiiidoduiaiasay S1uu
3¢m9 AB 50.0:485:15 (RM-01), 50:49.0: 1.0
(RM-02) uaig 50 : 49.5 : 0.5 (RM-03) wuandiuualiy
n1sanatedeiTedfyn1eada (P<0.05) il
Wisuilsunounazndenisnanivatunandug
wredAUSunaeunlrendumindu 0.171 me/ml,
0.239 mg/ml az 0.212 mg/ml MUAIRU WazaIe
SasnanfivihfuresUSunaniuiinueadae 50%

o w

é’qﬁuﬁqmugmﬁﬂﬂwummLLmﬂﬁmaehdﬁﬁ&Jmﬂm

7

v
=]

19ad@ (P>0.05) vosUSunauwaulnloedy M
Afanudndrunaua 3 gns damadivTunuans
woulnlgedu (sewi19 0.171-0.239 mg/ml) s

| Ay a o ¢ A4 A o o a A
AINARNUNARANUNLATBINUNATNINTTINAFLUDIRAN

ansanaueulnlesdullaudfdueyyadaszas

a a‘ aa b a 14 td 3 a
uq‘wmﬂumﬁﬂgmuz ATUJULN frulisane
A :.jl ¥ A

GlhEJﬂ’ﬁﬁU maﬁwawaamaam FIUVNATUNTINUYDY
lushs [10, 11, 12, 25]

s o 4873@

4.5 1
4.0 1
B35
3.0 A
2.5 A
2.0 A

ViuaunauTvlogniiu
mg/ml

1.5 1
1.0

0.5 1 0.171 (b) 0.239 (b) 0.212 (b)

RM RM-01 RM-02 RM-03

sUf 1 nswasunlasaweuinleeniulunng

Y
s

WITHUNENA AT DIALTTINDAAIINYIRUG
lsdiuoignsnnge
Y
* Fnwsiuana iUl uaazaN 1 AFOULEAIAULANAIS
fugadltdAgynsas (P<0.05)

3.2.2 namsanwauvAnIudnans
USudaumaslunisuanuandnaiaiosiiuduoad
andwuglsdiue’

Ardtuduilasondosnisueonsu
videlivousuresjuilnasondnfasioms dafuy

s

Tunszuruniswdniedeshudiueadaindaiug
Isdiueisemifelodeiidususuusng Tnoem
Aerhnisiadidaniiegaeiesduis 3 gns
Wisuiufuiutdnueadandniuglsdiue’
LARIFaANT197 2
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= = = = a o ¢ A A w s v o ¢ = i
N1319N 2 ﬂ’]ﬁLUaﬁluLLﬂaﬁﬂ’]Eﬂ,uﬂqiLfﬂﬁﬁ]llNa(ﬂﬂmsﬂLﬂ5@@5’11]%']']1]@?19]"ﬂ’]ﬂﬂ’]'ﬂWUﬁ:lﬁ“leUaﬁqmimqﬂs]

L gnsn1siLATeRy
Ad
RM RM-01 RM-02 RM-03
o L 51.82+0.01° 64.24+0.04° 65.28+0.03" 69.05+0.04°
GERNHETY - - - - -
. a 7.95+0.02 5.30+0.02 5.30+0.05 4.30+0.02
weaRaINd?
Isiues b* 5.27+0.01° 4.33+0.02° 4.17+0.05° 3.56+0.03°
AE" 12.73+0.04° 13.95+0.04" 17.69+0.03°

" ALRagINNNSNAGRY 3 91 (ALREE+SD.)

PRy}

b & o a A (oo o v aa
EJﬂT‘ﬁWLLG]ﬂGYNﬂ'LlrLuLLﬂ’]LG]EJT]ﬂ‘L!LLﬁ(ﬂQﬂ”A’]llLL(?mm']\?ﬂuE]EJ’NlI‘L!EIﬁ’] UNIEaR (P<0.05)

wuh ehenaadne (L9 vesthudleineas
Mntiuglsdiued (RM) Trwsindu 51.82 uaz
fuwaliunfintuegeifoddynieeda (P<0.05)
lnglvien L 999gms RM-01, RM-02, RM-03 1viiu
64.24, 65.28 1a¥69.05 AIUANU TUN199 I UL

o

wutwilunsanaseensiltodAg (P<0.05) vo9An
a* uay bveaaiesduinueadantniuglsfiues
deweuiviuilnuead luvariidlewSeuiiou
sLuLLm'azgmiﬁuaqm%’ladﬁuwudﬂﬁmﬁiﬂéjtﬁmﬁu
NNTIATIERANANULANANELAETI (AE*) UBg
wAnAnusAdosPutNeadaniTuglstiued wu
Fnsifiudndiuresunandnaneni SNt LY
(AE®) pgafitfuddnymneadia (P<0.05) lawisuiy
tudadnueadiildldsiunisnaufuesduseney
109 SumnemnnsususaTamesaunay
dsmasonuuanadlnesaannuileieuiu
ANEURY

3.2.3 WanIsANEIdNUARIUAY
wilasansuiudrunanlunisudnudnsiuaiado
Audueadaintaiuglsdive’

Auniaidudafivavenisainy
fumumislina WuandAfiAedestuannimyes
9113 harNIsauTuTaIUILaAluNanSaTIngy
g1swiad FelunszuIunIINAdeUALniinYed
wAnSusie3osrudueadandniugladiuei
wansdteguit 2 nuhauniiavesiudedruendd

Wuglsdiue (RM) fldwviriu 38.4 cP Werhiuls

015d1S3FONSSUANENS S1BUVAASTYUS

TUnauifuesdusznoudu [uedashudnueadan
drtuglsdiueiva 3 gns Wenanumilnanasedned
HedAgneana (P<0.05) sloleuuiudadudu
laglianlnatAgeiusening 15.83-17.17 cP
?ﬁqﬁﬁnuaaﬁﬁuﬁlﬁsﬁwa%"ﬁmuﬂﬁzmumimamLLé”J
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Abstract

The purposes of this research were to investigate the factors consisted of a temperature and
velocity of air flow affected corn grain (In-see 2) drying by using fluidized bed technique. The fluidized
bed dryer size of 20 cm diameter and 100 cm height was designed and constructed for this experiment.
The heater and blower size of 5 kW, 1.25 kW was used for heating air at the static pressure of 1,300
Pa. A cyclone size of 24 cm diameter and 122 cm height was used to separate the product from air.
The galvanized steel pipe size of 10.16 cm (4 inch) diameter was used as air circulating pipe. The
corn grain size of 300 ¢ was used for each experiment. The initial moisture in this experiment was 500
% d.b.. The drying temperature conditions were controlled at 70°C, 80°C and 90°C The air velocity
conditions in bed were controlled at 5.5 m/s, 6.5 m/s and 7.5 m/s. The final moisture of corn was

14-16 % d.b..

From the result, it was found that the drying temperature was increased the also drying rate
and specific moisture extraction rate trend to increase. The highest drying rate was 0.294 kg-water/
hr that was occurred at the 7.5 m/s air velocity and 90°C drying temperature. The highest specific
moisture extraction rate was 0.06 kg-water/kW-hr that was occurred at the 7.5 m/s air velocity and

70°C drying temperature.

Keywords: temperature, velocity, corn kernels, fluidized
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3. 75015998 (Research Methodology)
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wilaluialAIntn (Forward Curve centrifugal)
Taglduomasuuin 1.25 kW (220 V, 50 Hz) w59y
aamqqqmﬁﬁmam%ﬂlﬁ 1,300 Pa wazionsinisiva
L%&U%umiﬂuaﬂmmﬂqaqmﬁ 1,000 m*/hr

3.1.4 1p3eefndu (Cyclone) WUy

a

o v I3 [
Reverse Flow MAELanNYuaIneea

F#l 01581SJFONSSUANENS S1BUVAASTYYS

a

315 gunsa AIUANQUNYE
(Temperature Control)

3.1.6 gunsaliaml1uisiauuuy
YAaINTaU (Hot Wire)

317 n3esinanuduannsouiun
(Manometer)

3.1.8 LATDITIRINDE AIIUALLDYA
0.001 ¢

3.2 Waulvildlunisnnans

s

lunisvaassouwivudad1alnaiug
duns 2 ﬁwm%aauuﬁaLwﬂﬁm\lq%mlﬂéﬁwm e
wmaaumqmmgﬁLLazmmﬁaﬁmmzam ANSANY
HAYBIAINUTUFNIMS Vo0 N ARSI B SRTINTS
suntadouluildlunsveassdised

321 msveaeddiudadnilneiisy
wesaudalunseuuts 300 ¢ AuAuBuEY 500 %
d.b. ¥nseunelidenutiuyssana 14-17 %
d.b.

322 anusadlunsdnemaass
szmuaulasuUseondu 3 sziuanuds fie 5.5
m/s 6.5 m/s kag 7.5 m/s

323 guugiantouildluns
vaaesagdl 70°C 80°C way 90°C

mitinsnegeumaNuaneuey
Larndiouaztnfieg 1w uuda Wemaudy
vosimilnaiiiuanutuduiu wararuduaniie
(AuFusududunutuve st lnaundnds

£

M ¥ ! & < ' &
VL?JVLG]N’]Uﬂ’ﬁE]'U mumm%uajmmaL‘Uumm’lmu

o w 1

ga38 7 nafinun15eu) aiifeged1alne
mmmaﬂumwﬁmLLﬁaﬁﬁaﬁwmﬁﬂé’uaLﬂ%ﬁa
finon duiaiesanunsniusesivingsanld
wazdiAnmuaziden 0.001 ¢ wawnTideinmin
Beudes mdndmlnaluovlugeuliiniigumas
105°C funan 72 hr uthwiinasit desushedhs
I§asUALSTEEaIifnunfYIf g 109NN
idasousnldlilunuusdnicBlfednadusias
uilgaumgiiviniuan1iziIngauud 1AI0E19
wdsdimingnads 9rnduiafAldunuam

ANMINUYY



4. nuineides

a

wQavamLsn‘*i'fu (Fluidization) {unszuIuns
Fosudeifidnvauzidude wioduiuduiaiu
vaalua LLé”;LﬁmmLLéﬁqﬁ?u%ﬁ@mauﬂ’aﬂﬁw
vaslvaduguanmsnadavendsiuunsunseide
fanszarelunenaass udilvveslvaifufiande
gpamarlnanutuluneduaswesmsLnsivie
Fanszanedisesdu watlvarudusavosudonn
MeduULIBIeNAasImEvedlranniy
Booq wlufigaulnvosudeazadusasylunion
fuvadlua wavazuondeendudaselaiiniziniu
woAnssuvendilusnuaei fanaudhindevedlua
Fadonvosndeanneiiin wgdalawdu duans
Iugﬂﬁ 2 FAERINIIUTDIATEIBULITILUY

gdaladiun

aAusau

WHUS

AUsoU

JUN 2 nsvhauveATetaULisuUgBaladiun

Tudagduniseuwiisiuungdaladiun
Wudifeureidinsizindoseuudaflvuinidn
wAEmnsnauwislaog19InEilosandaduda
ﬁuéhﬂmﬂﬁLﬁumaﬂmé’wmmﬁaqa QUYL
vfumlnegnsdaseiaudinareveslralnevaslva
A dusanarslunisevusiaiiielotrousinda
wazenAseu [7] d1uusznounieseuniiuy

Wadladiunanunsawanslugui 3

PDIBULIAY

lalaaudingu
wisBamas
MaWniide
wwsealnay
F8nmas

3UN 3 daudsznauinseseuniiaiuurigdladiun

4.1 aunisardgnldiasizinanis
NAADY
NIANUINMIAINTUFIULAS (Dry Basis)

w-d

M, = X 100 (1)
d
My = AUTUTIUWY, (%)
= Uminneus ULy, (ke)
d = WUMUNUSIULAY, (kg)

9n31N1552 81911 (Specific Moisture

Extraction Rate)

m,-m
SMER = _ %« )
PQ
SMER = 8n91n1335¢met1dmwmIe, (kg/kw hr)
m, = dwiniagney, (kg)
m, = dwidniaguiuey, (kg)
P, = Usuauwdsaulnil, (kw-hr)
BNTINITOULIA
m,-m
DR=_—2_% (3)
t
DR = ®&n3IN158ULAY, (kg/hr)
m, = walluianneusy, (kg)
m, = wadluTannasey, (ko)
t = padildluniseuwianmelu 1 49w, (hr)
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5. HAN1598

'3

lun1sneassouwiwudnd1rlnawug
Suv3 2 seseseuuianaiamgdaladiun 1ile
NadB UMM TILa A IIETvIzaN N3N
NaYEINUTUT LIS ves AT e N1 TO UL
Tneldudatlnafiduasaudiluniseuunis 300 g
ATUENGY 500 % d.b. nseunielivie
ATAALUSEANGL 18-17 % d.b. AT ILANTY
FIuuie wazmuauauadlaewlteandugig
Aa 5.5 m/s 6.5 m/s 7.5 m/s wazaaumgiauiou
Tun1segauusazadae Ao 70°C 80°C way 90°C

LAYNANITNARDILANIAIFUN 4-6

51 wavasnnuEInaAfifisenisanas
YaeATULEAdINe

mamwmammugﬂﬁ 4-6 Lanslmiud
auduS ST seLTuanawe s Ead e
fuszeznanfidluniseunsi finnadiausie aud
fmua 91005 WU MsaBunamnudy
fuunldululufiemadeadu Tnoanuduazanas
atammEanelutianen 1 dalususn (Criticsel
Drying) ndaantiuazees anasetnedne lunan
o1 (Conarans Drying) SnvmnuSaauiisnaiu
dawaneszezalunsoulisegstau lngdunn
1831 ﬁﬂamL%’Jamqwzﬁamm%uaaﬂlﬁﬁaﬂdﬂ
AIEIANA Lﬁaamﬂﬁmmﬁaamqa%ﬁﬂﬁlﬁm
audutauegramuudusEnIaEag 1 ey
grmaseunsluiun 1nnI1ANEIaNeINIARY
[5] dalonsinisatelouminusouunazulaves

AMUTUTLN

5.2 Havasguugfilinan1sanasuag
AutulEatalng

arwdiiussewhaesidudanutures
widndmlnefuszznatlumseuuiaiigaumgi 70°C
80°C uay 90°C Mnnywliiuléinnisiasuutas
aruduiiuualduanasiiguvginisouuisgs
wnnigamginiseuuiesi wagautugaving
vosudndnInaflovwisiigaungiigusldnatanas

v v

Sandgamgieuuiisi islidunaunaingamgia

VB 01581S3FONSSUANENS S1BUVAASTYYS

anunsacewanuieullguiadninaldsiaging
gamniifdmalinugugnivesnainuindming

eae959n57 Aawandlugui 4-6

550 -

Velocity 5.5 m/s

500 4

450 |
& 4004 |
m 0
> a0 —n— at70°C
a ‘ o at80°C
£ 3004 o
b —A— at90C
T 250
0
o 200
g
g 150

100 AV

A \\'\
50 - ‘\‘ b
~A_ '\l\
i S S, S
T T

T T L 1
0 20 40 60 80 100 120 140 160 180
Time (min)

5.5 m/s
550 .
Velocity 6.5 m/s
500
450
2 0 .
8 —a—at70 C
> 01§ —e—at80°C
2 ] @ —A—at90°C
g \
£ 250
[e]
O 200
o
% 150 -
[o]
S 100
50 4
+— 77717171 7T T T
0 20 40 60 8 100 120 140 160 180
Time (min)
o 4 4 ~ o <
E‘U‘VI 5 AUIUNANAWNYUNANAITULIIAU
6.5 m/s
550 4
500 4 Velocity 7.5 m/s
450
5 ‘
2 0 —=—at70°C
> 301 —e - at80°C
Q 30 A —A—at90°C
= .
‘5- 250 4
O 200
e
% 150 |
EO 100
50 <4
o T T T T

T T T T 1
0 20 40 60 80 100 120 140 160 180

Time (min)

SUT 6 muduiianasiisuafinnnusay
7.5 m/s



53 szuzanfildluniseuniaude
Falwadisuivgungiuazaanauniiay

PMNNSNAABILEAILALAUT IR UL
Y8353821981luN1 S0 UL eI dR oA 8Nty
qmwgﬁiumiauuﬁqImaﬁqmmﬁl,l,azmmﬁaauqn
selfnalumseuwiiioenieamgiivazanuisay
#nan Lﬁawmqmwgﬁqqmiﬁqmmﬁuaaﬂmﬂ
windinnaziaulen LLazmmﬁaamﬁqaﬁﬂﬁ
Vinrnud udauaesnssuaeiniaun danaly
mAuwesdndninnszuiseenetesngs Tay
'ixaznaﬂ‘umsauLLﬁqﬁqmuQﬁLLasmmL%ﬁmq
éfal,l,amslugﬂﬁ' 7 sveznarluniseuwiaufisuiy

QuNATifiAUTIANANY

180 4

1704
i Velocity 7.5 m/s
804 X ¥ Velocity 6.5 m/s
X Velocity 5.5 m/s
150
T 140 %)
£
o 1304
E
F 1204
110+ X &
1004 &
90+ ®
80 T T T T T r T . T
70 75 80 85 90

Temperature ("C)

a

JUN 7 szeznanluniseuniaiieuiugamall

Y

AU ALA

5.4 dnsmssuniaiiguivaugiuay
AN 138N

Mnnymnandiiiuin Safiugumgd way
arudiadluniseuniafiuanniusninisseve
vosthileenanudadninadeinldd uazazanas
audduoonmginazauiiiananas fauans

Tuguf 8 AdnsINseuwisfisuivgamnd

035+

0.30 @
&
N 0.25 - @
Ei | #H
§ 020
FA
% 0.15
= H Velocity 7.5 m/s
> 0104 @ Velocity 6.5 m/s
a - 4 Velocity 5.5 mis
0.05
0.00 . ; | : ;

70 75 80 85 90

Temperature (°C)

a

JUN 8 Ardnsimseuwiaiguiugaumgil

Y

55 A1dnsinissziusvadlatie
W&y (SMER)

MNHANTNAADY LieANSATINTIEIVE
voslothdendsnuills (SMER) Suualiuanas
flgamnfgedumiiiusuiumsenisligamnd
Tuniseuuafigausiinazdasanszezinailinig
suwiilitoaunvzfasldndsauluiuinlunig
Wingamgll Fadefiansanluieswesninudue
manasue1aldduean Tagluniseuuiaudn
Fnlnamsligumndouuried 70°C uazanusian
7.5 m/s Wanuauatuudrasnislindnuinga
Fauandlugudl 9 Ardnsinisssmevedledide
WaMUTlE, (SMER)

0.070 4

0.065 < K Velocity 7.5 m/s
2 % Velocity 65 mis
© om{ ® X Velocity 5.5 m/s
g
S oo
& ®
o 0050
= X @
0
g ] %
S oo -
g
S 0040
Q
®
0035
0030 : : : : :
10 7 80 8 %0

Temparature (”C)

3U# 9 Adnsnissevevesleindendanuild,
(SMER)
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6. d3U

INNANITNAADINITOURTRUAAT1IINA
lnensldwalinngdaladiuauandliinuiinis
AMuSaN uazguviiigedenasosreziian
Tunseuwiadiueghannnande ennuidaaugs
gaunnilge rdwmaliszuznanluniseuwisioya
\ilosann Amnudiauuasgamgileuuriaigaasyinly
anutiludninlnaanasesnenid Tnsgamni
90°C wazAISIA 7.5 m/s agldianlunseuuiis
Yiouiigmegil 90 min Fai33n91 MseuuKaiguma
70°C waganuiFian 5.5 m/s Bdldaan 160 min
pgfiafiau 2 wh uid i luliveInITnaau
Tumseuwsisiigamafl 70°C uazaaiEIan 7.5 m/s

aglinnuAuALINEn

7. 1BNANTE1984

[1] Office of Agricultural Economics.Maize.
[Internet]. 2009 [cited 2013 Feb. 01].
Available from: http://www.oae.go.th.
(in Thai)

[2] Faculty of Pharmacy, Silpakorn
University. Aflatoxin Toxicity.[Internet].
[cited 2013 Jan. 05]. Available from:
http://www.pharm.su.ac.th/cheminlife/
cms

[3] Pongsatornkulpanich A. A study of corn
drying by using fluidization technique.
[dissertation]. Bangkok: King Mongkut’s
University of Technology Thonbur; 1996.
(in Thai)
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Prachinburi; 2003. (in Thai)
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Abstract

This article describes a submission procedure and a format of the manuscript for the Journal
of Engineering, Rajamangala University of Technology Thanyaburi (JERMUTT). Authors are required
to strictly follow the guideline provided hear, otherwise, the manuscript will be returned for proper
correction before to be reviewed by two referees who are specialists in that fields. If no completed
on this step your manuscript will be rejected and cannot be considered again. So that an abstract
should have had only one paragraph. Both Thai and English abstracts are required the length of all

should not exceed 300 words.

Keywords: submission procedure, manuscript format, font size, font style and blank line

V£l 01581SIFONSSUANENS S1BUVAASTYYS




1. Yarvuaiialy
UNAMNABIUTENOUAILAIUANT

audsusielul Ae
1. FoSos/unany (Title)
2. Fof{iTou/Blad (Author, E-mall)
3. fegiTou (Affiliation)
4. unAnYD (Abstract)
5. AdRgy (Keywords)
6. UN1 (Introduction)
7. o (Text)
8. @31 (Conclusion)

9. AnAnssulszna (%)

(Acknowledgements)
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Awuziiialy

2.1. Fodes/unany (Title) it
mwilnguaraedings AsauLaznszE
LwimamqmmizﬁgqL‘%'aq?iam’]mmsﬁfj’mw
Tipslidge uagrafsnanmtiinszay

2.2. %a&iﬁ%u%ﬁﬂ (Corresponding
Author) uagfifusau (Co-Author) Tt
A lnewazn1wsinge ldnunstavaisu
(fwn) 3eamuaifuaudingy taeld
ASRIvInEnendy (%) ASENERR R
MUELATAINU (Fen)

2.2.1 E-mail Ji@guiiganiy
dudefiTounas Tainieamne () daan
MNGAYAWTU (Fen) Vel uman

23, flog o (Affiliation) fivis
AMwlnguarawdangy lidesseysmum
J1ms viseaauzvesindnuilag weau

2.4. ungadn (Abstract) 1Wun1sasy
Uszidudlomdunnuddaydulssifiu
Afnyuesiu fidesnisiiaustieg asidey
Tfdu uaznsyd

o w

2.5. Andfiny (Keywords) 1visey
laiiAu 3-5 M

2.6. Uni1 (Introduction) @aui1
wduduigideugdalieruinauauls
Tudestug TagUszasduesnuide uazdeya
N19IYINTT

2.7, \iem (Text) unANUTiiaue
sgosfiuiliuntwlng wien1widingy
prugUuuuiidinun Fendeudioziiily
fnewman WieRuneengnlaviud

AISRUN LANUNAIUUNTEAY Al
Tnefusiiu 2 Aodutdmusuuuunanad
yuravesneduiiiulumuditinun azdaq
Furigasiosfiuiiawesidnuaziden
laitfounan 300 dpi.

T¥ A lagla 3 uussia Wevzdu
mvolndlAiuussvia 1 ussin Lazaghos
fulof i funedunouiiazunsduln
visetumiilul Fuduiimdeldinauan

nsarsuthdeluduveniodesd
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wazuninisulaiidedes Aldiavszuu

nedeututeges wu 1.1 1Wudy

A15797 1 NSAIANNUINTEAY
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g8 (Left) 3
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A13190 2 YUIAFITNYILATAITIIUTTET LN
UNAMNATHINELAZN1I89Ng BA 18RI N YT

JULUU “TH SarabunPSK”

5189113 W | Munls | anweus
01509 18 Aanang AN
Yorlleu ,,x R
- 14 ANIGEN Unel
g
Vogildeu 12 Fate Uni
UNLann 14 Inge Uni
Yoo, . o
Y 14 Ingne AAnun
Pia8an
P A5¥ANY
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wuulng
AUNTITANE 14 ey | Fudes
ANUTTYNY
Usznaugy 14 Aanang Una
LAYMAIS1S

Trdndia s aalunAazsUSTIAS T8 LAY
YBENEIBNY LDIUTTTALSNUILONTN 19 1 Wity

158 0.5 17

2.7.1 msdnvirgunw

sUAmazAasianunineliliiy 70 wy.
ielwaslundsnedufls wionsdlsnduasey
WiosnwseasBenlunm o1asendllinruninald
Wz (1919 150 )

Frsnusnmualuninezdesdvunslng
ansaeulaazain

sUAINNNIUALA 09l NUNELAY WAy

AuUsIENElenIN
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Ausseelan ninulgmin “uane” wu

P

PUREUIT “SUN 1 hanIANUAUNUSTENING..”

U

i v <, « = v o s i 5
V]Qﬂ(ﬂaﬂﬂ?ilfdu EU'V] 1 ANUAUNUTTEAIN..

A8819

JUN 1 Anuduniussenin....

sUanedurzdeaduduniind duguae
arsaztduguvndiiiinnueude sudeylax
814 sUnmesaziimeandenvhiidniumiidy
Wy awneguadusneeadalaalauiivsing
Tiduenzaenw Wudu waziilonuasny
Iiuussyimmiaguain 1 ussiauwaziiuld

AUSTNY 1 UV

2.7.2 N1SWeUENNTS

AUNTNNAUNITITA DT NULEUAAY
agn1glursiduuaziSesanduiigndes aasly
o/ o/ = = a L2 A U
ANy ruzldgInanatantsniitnes uiofauys
TUaNnIs AUNUIUBININEIATANNTTIL A DI0E T
YBUNIUVINVDIABAUY B UNTIUTTRANBUTEU
AUNTT LAV UNLIUTSVANAUTLUANNT IALA

#UN1TOYNTINANADENY Aarnognail
a+b=c (1)
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Weanuaesnuliiiuussiamilonisns

1 Us9¥in uag uUTTVRlAATUTTNEgUAT 1 UTIYin

2.7.4 AUYIIVDIUNAIY
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ANUEITEENIY 8 w1 wavesliiiy 12 ntn

N3eAY Ad

2.7.5 NSUUNAMUATEIDINGY

2.7.6 A1FEIUNAU
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