MIATITBLAzIAILT 195, UN 43 adui 2 Wwweu - Tguieu 2563 117

A1sUsEY DEG7-9 §25afniwaniseanwtuulaeldiuudauaiudssaunisal

A1SEaULNY

= v

nsys deduda’

a U U s

a IS I3 a
UATINYIAYINVNNEFINVHITIU AYUNSLE 8.LUBY .8319H 38U 84100

* Corresponding Author: kornchulee.sun@sru.ac.th
979739 @1v13vnvaluladiadiiseuasue ity aueIvermansuazinalulad

faygaunniny

[ 1

UNnAanega

Uszifunaaa :

Suiitefiansa : 27 wowna 2562
wilv : 10 Twau 2563

MOUTU : 31 flunAw 2563

AdAgY :
§13aRniflenisaanuuy /
inuRIvaLilensAnw /
UszaumsainsiauLny /
wuvaeunuUsEliuysyaunisal
NSAUNY /
nsUfduiusserineyed
fupauiames

mﬁ%’ﬁﬁi’mqﬂizmﬁtﬁamaﬂaauﬂizﬁw%mwmmsqm%ﬁaﬁmﬁamiaamt.w 3o
“DEGT-9” Tuwdvassvaumsainisiauny Inglduuuussdiuussaunisainsiauny
Jo “THGEQ” Tumsussiliuinude “msdnugnve:” Sadunuddaionsfing
dwiuidinony 7-9 U 4 0EG7-9 Wunumsluniseonuuuuassiann il du
dintinGeueny 7-9 U 1w 72 au eduinudingn intulsiuanseaiine
wnulneld visual analogue scale Wiazwuluusasmouves THGEQ Awaniade
vesszsumuiEndedny 7 de densaunguussiiumsUssaunsainisiduny
7 Uszidiu wéauildmsmadautuu Kolmogorov-Smirmov Test uae Mann-Whitney
lumsieuiiisussiummiinveainnguussmnseansiunnsaiu 3 ngu (me
seiutunsfine uarens) wamsaseiteya wud Wndenuddnduuandein
atlussdutunavauianniian luvasidanudindsaveglussiuton ik 3
naudiuszaunsainmsiaunilu 6 Ussiauliunnssfusgedidedty snduussinu
Y3 ANuFANALMegluing namsiduandliiiiui THGEQ Jawasnann KidsGEQ
waglsumsUsuslinssdutu aunsod iU lunsUssussaunssimaduny
vouinlneldoghamnzan inuiiléFunisesnuuuma DEGT-9 denasiaUssaunisal
maduiifveadn f DEGT-9 ez THGEQ amnsalfifundnmema HAl Tuns
oeniuuLasUsziulszaumsaimsidunuAdviadiiomsinudmsuiinnguong
79 U loeiamnslel




118

NIATITBLAzIAILN 195, UN 43 adui 2 Wwwey - Tguiey 2563

Evaluation of DEG7-9 Design Heuristics by Applying Game Experience

Questionnaire

Kornchulee Sungkaew’

Suratthani Rajabhat University, Khun Taleay, Muang, Suratthani, 84100

* Corresponding Author: kornchulee.sun@sru.ac.th

Lecturer, Multimedia Technology and Animation Program, Faculty of Science and Technology.

Article Info

Abstract

Article History:
Received: May 27, 2019
Revised: March 10, 2020
Accepted: March 31, 2020

Keywords:

Design Heuristics /

Digital Educational Game (DEG) /
Game Experience /

Game Experience

Questionnaire (GEQ) /

Human Computer Interaction
(HCD

This research aimed to validate the effectiveness of the design heuristic
called "DEG7-9" in terms of game experience by using the game
experience questionnaire called "THGEQ" to evaluate a digital educational
game called "Waste Separation," which was designed for children age 7-9
following DEG7-9. Seventy-two students were randomized to play the
game. Then, they were asked to indicate their feeling about the DEG by
rating 7 statements covering the 7 dimensions of the game experience
using the visual analogue scale. After the means for each of the THGEQ
statements were computed, the differences in the level of perceptions
related to three demographic variables (gender, education level, and age)
were compared by the Kolmogorov-Smirnov Test and Mann-Whitney test.
It was found that the means for the positive dimensions were moderate
to highest, whereas the means for the negative dimensions were low.
There were no significant differences in the perceptions of 6 dimensions
between the groups of children; only exception was noted in the case of
Immersion. THGEQ, which has been translated from KidsGEQ into a set of
understandable and concise statements for Thai children, is therefore
noted to be appropriate for identifying children’s perceptions of game
experience. The game designed by following DEG7-9 could present a
quality game experience. Both DEG7-9 and THGEQ are valuable
tools to provide game design teams with an HCl-focused set of design
heuristics and GEQ that can be used for designing DEGs and measuring
game experience for children age 7-9 years in particular.
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(1] \nuRAvaTeenuUUTior LT uAaIleduasy
nsseud fignsuniivarnwane Teun Edutainment,
Serious Games, Game-based Learning L% Persuasive
Games [2-3] dusiu 191 “unuddviaionIsine (Disital
Fducational Game: DEG)” \udnAwilsildSoninuiava
ﬁaaﬂLmﬂﬁﬁeramqmﬂﬁmmiw%mmmﬁmﬁq [4]

ag13lsAmL N1seenUUY DEG flanududauninnig
genuuudedug N1 ALADINANANARTENINAIIY
aunauuwarysgansamlumaeus; dneenuuu DEG
mszinuansuglafinnudidyuazaisiiuildluns
DONUUU Lﬁaﬂﬁzﬁﬂﬁlﬁﬂmsqwamqmu%‘&mé’w%amlﬂ
fuenaynautu fedy dneenuuy DEG Tutlagtuddli
AnudAgiunsldnannssunsUfduiussening
mqwéﬁu%mﬂ’sma% (Human Computer Interaction:
HCl) LﬁaédaalumiaaﬂLmuﬁ’umn%u (5]

Nielsen Norman Group %nﬂizﬂauiﬂﬁawjﬁmsmzy
1901 UX Design laen1siives J. Nielsen ladiaue
WENNSTNeEI HCI iethslunsenuuundnfasinuy
UfjAuius vi3e Design Guidelines dwsuinnliduaugn
[6] Design Guidelines fanananansaussgndlydlunig
ponLuukaUnalAtuUszIANA19Y Talufsniseenuuung
uay DEG vy Web based uaz Mobile 1 Design
Guidelines Lifla'ﬂj;uvlﬁgﬂﬂﬁzLﬁuLLgﬁdﬂﬁdiﬂiﬁLﬁﬂlﬁﬁ]
Usraun1sain1slden (User Experience: UX) fifidle
AR

pe9lsAmu MsAnw1ves Nielsen Norman Group
SLﬁﬂ’JWﬁJﬁuIﬁ]ﬁl‘Uﬂfjmﬂ’muwLﬁﬂﬂi@Uﬂqu“tj’quﬁﬂ’EN
Ao 3-12 T Usgnoutunsinuiderountduesise (7]
Felvmuanlalunsianndisafnifion1seanuuu Design
Heuristics) d@m3uldidundnnismie HC Tumsesnuwuu
DEG dwisuineny 7-11 U msfinwidenunudnuoe
ddy 8 Yszmsivihlinuiiuszansninlunisnszdular
wineny 7-11 U iauuaziSeuslunioudu Jeldinauedu
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Design Heuristics galnsi@adn “DEG7-11” agalshnu
Han1sAnwIdmudedniady inufieanwuusy DEGT-11
femaliiunifianelasiawnniangueng 7-11 U winitengtley

'
a

fign (7 U) veudnwaginumsiuiiiniionguniian (11 )
fideddieiauouuzlii msdesennuisuidioatnien
angdaiaRntofimngailunisliesnuuy DEG dwu
Wintsengfiamsinneasitiy iy 7-9 U vde 9-11 ¥ udu
wieaglsidrTadnluldlunseonuuuinuddvialsivang
fuidinlutedeiunnsneiu

Fafu Tumsfinwiiiiuan [8-9] §3de3eldl498n03
Usgllluluugdsann (Heuristics Evaluation: HE) v@9
Nielsen [10] uagdayainysd Tunisussidunuddia
iomsfinunimeunseguudumesidn iieatanadnvas
8 Usensues DEGT-11 Trinanolansanidnunsiiil
Uszdvsnmluniseenuuuinuiianansansdulvifinery
7-9 ¥ dunaziFouslundouttu 9niu thiaueidu Design
Heuristic yalwflsitodn “DEGT-9” wleldilundnnisnia
AU HC dwdutinesnuuukazimuintlunisesnwuy
nuAdvaitensAnwdmiuiineny 7-9 U lnglawne
REEER

DEGT7-9 Usznaulumunmdnvuzdidy 6 Usens
fiensinluldlunisesnuuuiny §ideldfgaullifiudi
inuAdvaiensAnfieunseguudumesida uay
Wunufifezuuuna3ings dhmuandnuay 6 Uszms
ogfeiane ueniniu §ifedildnenulsyansam
183 DEG7-9 Alawansisaudveanneny 7-9 U Taannsi
DEG7-9 Tlflunisesnuuuuasimui DEG S1usu 1 iny
B0 “umsdauenuez” uazliiAnety 7-9 Tidu wans
AnwauAmamsSoudveanuseifinnuin Winfaun
ﬁwamiﬁ&uim%aﬂﬂ’ﬁﬁﬂLLEJﬂ‘UEJ%LﬁJJ%umﬂﬁE]mﬁmmJ
pg19ld Ay

ogilsfiony lumsadassdinudvaiusesdiies
awaynaunidundn einuaslfdsmasouszaunzal
518Uy (Game Experience) fiffofiau uazansnsn
lesunissensunndiausialy niseenuuuinuliianiig
aynauutiu wutnade (111 168198mqui MDA (Mecha-
nics - Dynamics — Aesthetics) [12] 1311 tnuagdiaanu
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aunaunlidy Ussiuddniiensiisfio “auniunm
(Aesthetics)” wasiny Tnednwaigivilfinuiigunionin
dufivannuans Wy a$rsanuddnia (Sensation) @19
3unLINTS (Fantasy) S1309317 (Narrative) fiaanaviinie
(Challenge) dLasun13a31siingnIn (Fellowship) @319
Uszaunsallul (Discovery) loAumiLes (Expression)
uaz SHumunns (Submission) s tnafislauridenin
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Game Experience 1 liianwinnzaiioaiiolimsui
naduaynudeliusdefnuniehivssaumsaiussavila
thafifiauldsuanmsiauna [13]

Tunsusudiu Game Experience 1 faslduuuaou-
amUszidiuseaunisalnsiauny (Game Experience
Questionnaire: GEQ) flwanea Addenuindslall GEQ
dmsudszndulszaunsalinsiaunudmiunnineeny
7-9 Ulnelannzianzad uinunisAnyIvas Poels uazansy
[14] imunuvasuaudmsuldinusyaunisallunis
wunudmiuineny 8-12 Tlitedn “Kids Game Expe-
rience Questionnaire (KidsGEQ)” WU31 UBUKIANIT
Usziliu Game Experience ¥4 Poel wagmue [14] Ty
AsOUARNNSRINSNAIMSANYRSEIAY 7 (31 3)
Fsaonndosiudnuuzinuifauaynauiitiaus
uf MDA [12] 1 wnufiauviinie Ttununnis iludu

Poel wazanz [14] meauliiiuiuuvasuaiy
AaNA1IMIUNINTINER UUTEANENINT IS URE LB INe
Adneny 8-12 ¥ annsnhlldldfenues iWnaunsa
Whladaulunuuaeunulade wagaunsansenwuy
aounulifenuiosedsdaselnglidesiiafis]lvguie
Aidomglumslimuugin egnlsion semsdana
Tu KidsGEQ egluguiuunwidsnguislaimunzaniu
winlngilulusedulszon@nuilazannsosiudiniu
mwSenguldmenueddagisiondoslvalimeiue dud
HRdedaiuafaulas KidsGEQ Tegluguuuunwilneg
fsznaulusememsmaniidinlngausasidila
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({4911 KidsGEQ M Tauuv Likert Scale 5 s¢dtu
Tumsinsedu Game Experience 91n4Ain §338A194A131
farludnvauzimiuisssuniutonumiusEaual
Snildnwegnaduniems ensendenisvhanudnta
youfin Uszneufunumenud ineng 7 B5uly anunse
19am Visual Analogue Scale (VAS) Litoszyianyie
anuAndivresmuedlaie (15 SnmtinsAnwvesninise
119 HCl #ildoanuuy VAS ieldlunisédsia Computer
Experience (CE) 91n1fin 51897431 VAS @nansaldaule
agfiussAnsnmduidiney 7 Tl [16] fifeTetiun
AneanuuuFUAN VAS dwiudseiiiu Game Experience

Re

Fuldunusiiay Likert Scale 5 sz FadudRurisssum
wianuduudstemultdunasldnuodslidumans
Musuawasusazaw Welidneulszneuliin
nMsdeAnumnedingay [17]

ot fideTsfuuferiann GEQ Sulminouirdasile
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1.1) e GEQ fiwaneiudining dwiuld
Tunsuszifiu Game Experience laglUadunann KidsGEQ
waziipdosdonansanuAniiuuy VAS
1.2) el GEQ Tt lunsnsradeuusyavs-
MWwes DEG7-9 AonsainsUsvaunisainisiauvesin
918 79 U
2) AMIUNITINY
2.1) GEQ fuUasnann KidsGEQ waz VAS fild
oonuuuTwiteldlumsUszidiu Game Experience @ansa
Tdladwasmnzdmsudnlneany 7-9 U wial?
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2.2) Aaudnuuziny 6 Usen13ves DEGT-9 dinasie
nsaseUszaunsainsaunaiknnnety 7-9 Ul
vizlai?

2. /A NUUNITIVY

2.1 WauwnuRITaian1sAnen

309 “nsAnLENYEL”

faAfedaszneuluseiftluguzennnsiuinm
waziinfnymdngramalulafiaffifouazuotiudu u
U7 4 augingrmansuazimalulad $1uou 1 ngu (2 aw)
g a@nweivlassnumsinumeluladiadiiie
uazatiutu TulnsAnw 1/2561 wazditaueygn
ANUSNIAIUNNTEBNLUURALHAILLNNAITE tATIuiU
SENUUULATIAILNLATTAIE0Y “Msfnuenues” wiin
falsifmdnnsluBesguiuuniseonuuy (Design Pattern)
fiannsahuldlalnenssduniseanuuulasiaung
[18] witladelsiussynaldnannsimnssurenwisidu
wuamasal

2.1.1 2995IANTTUIUNTIAINTTUIBNAULS

InITemainensaeuiuneslatenuinuidnaliindy
goWdteusUnaindulseivmila feiu Tuniseen-
LUV NAIUILANATIAIAITANTNDIUENA1TIFIN T
FaNAWISIINALE LA819asTINNTLUINNTIAINTTUTONG-
wslumsiannuiulseneuluse 3 wid (Phase) tufe
NSEUIUNISABUNISHER (Pre-Production) Tuseninems
wdn (Production) wazudsn1suas (Post-Production)
[19] MsAnwiseiizslafioudedddnnsinnsyuiuns
SenssurensuasluniseonuuuLazvawl DEG Hufe
lunszurunisnaunisuan dnsldlenaisniseaniuuLny
(Game Design Document) #38 N58UN1589NKWUY (Design
Framework) Feluudunme HCl Snidendn Design Guide-
line %50 Design Heuristics Thues

Tuszninanisudn Tudselasuiudavhansivedn
(Storyboard Production) wagis31u (Flowchart) Uaina
Faaonndostunulunesiinnssuunsimnssugens-

o @

wasTin3de [19] lassylihanesvesadunszuiums

o

drAgyfiantunisiauainaieg lunuuazuansliii
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NTTUIUNITLAUNUH LRI

TunTEUIUNSNAININARTDINATIAMINTTUTONALIS
finsUssifiundndasiduionfunisAneddeiusediu
AL dHaden193eus 9] uasUstau-
nsalmsiauny (Game Experience) Fajuauenanis
Usziluliiunaneasidealuidessly

2.1.2 mseenuuuindlagly Design Heuristics

N3aUNNTENLUUNNIUNTEUIUNSABUNSHAREMSUNS
Woil 19 Design Heuristics @ “DEG7-9” (137971 1) wite
JuwwmsluniseenuuunuidvaiionsAnedmsu
Wineny 7-9 T mihesusnvesnuansdeguil 1 eaziden
1NSONUUULATTRILLNLUARAITINNS1ST 2 waz giﬁi 2-
gﬂﬁ 7

mi’]\iﬁ 1 29AUs¥NaUYBY DEG7-9 Heuristics [8-9]

DEG7-9

DEG7-9#1: \wneaudnsalunsidunuidsaiie
nsanwAsivuady Lﬂmmmﬁamiﬁaui (Learning
Goals) unuiuinemuause (Performance Goals)
venanihvnesandimsdneu nsedu Beudie uas
thiauaitmnglilugisiug Weiihgina

DEG7-9#2: Tunufdviafion1sAny Adskaanmsaue
o 1 Y & Y & ) ] 1 1
wugihaeg Waang ladudmdiesyninemsaunu lne
MUz Wwatuaasiieduisismsauiewlng
Aneuigniewiseriegdlsaveuy lnslaniet1adf
wuzihdealuidudannuwintiy

DEG7-9#3: Inuddsiaiilenisinudusuidineny 7-9 1
msfidnuasTiauudmounas Wy Snvainulidudou
mndunuiildamnudsdenaiisialunsau aaslil
masafivanzausazlinadugune

DEG7-9#4: inuddviariion1sdnwimsiinanesy lag
suneuntiusslufemiifielfiausuden U usiaz
@hmﬁumwmn%umuﬁﬁuLﬁal,ﬁummﬁmwiﬁﬁﬂS]
s NeendosniiuluiFes s msiduusazeny
Delenalsidnldnurmuamudinudnumznaiduing
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mMinunmAdeulNNNIdIazATTEBULU LYY
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L‘ﬁaLLammmﬁnwﬁﬂumiﬁﬂué’lﬁﬁﬂ6] n5U lpe feed-
back aneglugUuvunislissiadloinanusabeus
azlsunsegnsla

(B9 Ardeuunus

TvinFawmuiymeliadiadlidusam oty

JUN 1 nhusnuesnufdviaEes “nsAauenvey”

A15197 2 1511 DEG7-9 Tolunisesnuwuumasimun
WnUAIA ([9])

DEG7-9

DEG7-9#1 fwmuatmneiitensiFous
WhmneiftensBeudiinuimuelst Wy “desq anves
widlsnsstfulssnvvesiaey” nuldldimninfes
wlldnzunugeiigaviormunliinazuuliildnmd
fvmaly wenniu Wnedu nszdu daieu way
thiausreudiginy (Uil 2)

DEG7-9#2 iif91e5eninenisiauinyl

sgrhemaiduny smeitlaladerns wiegluguuuy
483 Animated Infographics wnlins1udeyadimiuidu
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Feus (Uil 6)

DEG7-9#6 3 Feedbacks wialansanuA1IvLnbunig
Seus
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2.2 Wwu1 GEQ
ABYIULEINRIUITIENTAIULAZ DD NLUY
sunmVAS el lunsiassiueusanveussaunisal
Tunsiauny (Game Experience) vaaiineg 7-9 1
2.2.1 Wawsenisaanlu GEQ
GEQ dmiun1susziiiu Game Experience
voamsinyIeiulainmn KidsGEQ Seumsnageu

Uszansnnuailae Poels uagamiy [14] KidsGEQ i
sensiauduniwdinguignudadunivilne
ntiuth GEQ fludaldlunanesldihiestuiineny 7-99
$U 16 AU HiensIvdeu GEQ finnudisuazasaan
ol (User Friendliness) stawiinvidalsl wiouis
Anwrindnanansadnlateanusenisaauly GEQ
1ed18 (Understandability) 3ol wanismaasdldinges
WU ﬁmnﬁmmﬁlﬁﬂmq 7-9 Unlalaenn vreaanu
dou orflenanddwinudinguundideuta

Wunwlneuditinnumneadiefuunysedanuvuie

TWludiemadieatu fidedeuivignmemsmaaluiuy
aaupnailagidenifiss 1 AormanusazUssdiu iels
wuvaeuamnszdy Wnfisumisdelsinadesdadslivusan
eftagau nieuisusudeanundimnmsudaliioglu
sumwlnefiinerudilalsielnglsidesaglng ety
91 KidsGEQ atun1wdsngs Seusznauldne 21 fanu
910 7 Ussifuresdsraunsaimaaunudensnsd 3
Jalignusulgsvidilunwilne wdewdies 7 dana 910
7 Uszdiu 3delide GEQ filmuntuin “THGEQ” &
57971 4

M15797 3 KidsGEQ 984 Poels wavanie [7, 14]

Useihu 18RS

#1 Challenge

—_

It was exciting. ***
2. | felt challenged by the game.
3. lhad to put a lot of effort into

the game.

i y #2 Competence 4. |felt confident while playing.

3U# 7 1dnzuuwiu Feedback

| felt competent/capable.
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A5197 3 KidsGEQ ¥4 Poels wagatug [7, 14] (p)

(ﬂ’]i']\iﬁ 4 srwmsannly THGEQ

‘Ui%lﬁ‘u 9NITANDN ‘Umﬁu 318N15A101Y
6. | was good at it. *** #1 ANUFANTIETENIN LinNUIAUGUIN
. . LauLN
#3 Flow 7. 1paid a lot of attention to AL .
#2 ﬂ’ﬂllﬁ’]ﬂJ’]iﬂI‘uﬂﬁ 2. amaummulmm
the game.
. ) WAULA
8. While playing, | forgot fau i 4 -
. #3 mwmaﬂaul‘ma 3. EMINAUNU AUIFEAN
everything around me. o . 8o ilae] vy
. . EWINNITL AL BULN LN
9. | felt like | was inside the 3 qm j a,u MZZGU UE]E*JJ WNAULEY
*xx #4 mnmanmumaﬂumu 4. ENHNUNNINEIYE)
game. 3 S | .
#5 mmgaﬂmuaumamm 5. bULNUULAIRAULRUDY
#4 Immersion 10. | could use my fantasy in the 46 mmiﬁnﬁmumﬁamm 6. Lﬂuﬁl,a'uaiéﬂa
game. #7 ANAUASEASENINNS 7. SuegInUuLNN
11. I found the game impressive. Eun i
12. The game was beautiful. ***
#5 Negative 13. It was a stupid game. o o o o o o ave
o 2.2.2 U VAS wagdennumnudmnsulein
Affect 14. | found it tiresome/ o e
. i%@‘Uﬂ’J’]ﬂJEﬁﬂ
exhausting. *** ) v . v P aao
KidsGEQ Jnsgiuanusanvasiniiiaiauinuilvia
15. | felt bored.

#6 Positive Affect

#7 Tension

16.The game made me laugh

17.

18.

19.

20.

21.

from time to time.
| thought it was fun to play
the game. ***

| felt good while playing.

Playing the game did not go
as | wanted to.

The game made me nervous/
tense/very uneasy.

I have grumbled/complained

while playing the game. ***

Tneld Likert scale 5 5g6iu A Not (0) — Very little (1) — A bit
(2) - Fairly (3) - A lot (@) legnuvaifunmmlve 3ddseu
Augdn 5 sedude il (0) - ee (1) - Ywunans (2) - un
(3) - nian (4) MeTeiUszgndlE VAS Sauae Tagldoanuuy
fuav 5 seaudenanlidugunmludnvasnsguunuiuay
ludnuagifiuisssun duaviananiivwinltngnitunid nnea
Haemsvenanudidin vilviduavsssuaniidnuustingse
fisnean3dedn Winduinsuazgeunginssuvisenisuaniosn
MAuaswosguunnnitnsuansesnaueanusies
uywd [20] {§3deAnn1salin nsldgunmdaaaiidunsou
é’ﬂwmLﬁuﬂ%qﬁazamWmﬂiséju%ummmiLLazmmaqﬂamu
TOUANTTNININMTUAAIRNAATIULA

Tuieadeariu diaw VAS uagderuiiiu gnitluveaes
THhsemsoufusensdnaly THGEQ wlefnwindennnu
wazgUnmanansademIMIBLaznSEuANLaYnatulunis
neukuUdeUnmvensnviolil annisaeuauuulilunianis
WU fakay VAS ddnuazaunauiud lunanssiudi deniny
Muliaynauiuaenndosiuguam luflandegnuiuuiidy
liae (0) - damioe (1) - Jug uwas (2) - 10 (3) - WINTign
(4) faguil 8
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Ly favdes Juquwaz W wndige

3UN 8 VAS dwiulduseiiiu Games Experience

SeMsM0Tian KidsGEQ VAS uazdornurhiiy 7
U5l gnilasiadu THEEQ Tudhwaszienans
wieltlumaifiususudeyadiely

223 ATWABUAMAMYDS THGEQ

few1 THGEQ lUldlumsiiusiusiudeyaiu
winnguitlmangeny 7-9 U fisddelansiadeuguninues
THGEQ Tnsmsveruugiangidedaduenansdiivinm
lnsanu uavesdusedmangnaaluladdafiideuay
weludaduenansdiaeulasenu S1ua 4 au ol
feyalunsuiuusudldnads

2.3 Uszynsuasngunaegia
Uszmnslunisfinedde fe windniSeussau
Usvnufnwmeudu (Fulseoa®il 1-3) daflengsewing
7-9 U vadlsadouiogluiiuillduinsinmsvesans
Ineenansuaznalulad iwnsiufiduarunzie sudes
WntedndaneauIaIveinidy sladnaelud
Tss3ouiauaisnues Faduies 1 1u 7 sudouiioglu
fuillsusnisivms Tnedidedwannevosygnoss
Wumansldalsaiou leverin@nwinaziiudoya
yntulsadsududimunsinuioniou uastisnai
augaliuiddvinsiudeya lnedianalidui
Toyaanzluiungiaud Hisiaivesnuiangsy fie
AuiBugnide ties 1 Faluawindy dedu Suaungs
fegdmunisinyifedlinnnisfndenuuugy
pghed1y Felidruuidu 72 au Fanan 3 Feudou
Fun VieuSeutulszaufinun®i 1/1 shumu 26 au du
Uszaufnwiil 1/2 Sunu 23 eu uae Futssoufn
U 2/1 druaw 23 au nsildausalumsideiinaineny
avfaslaveadnuazagus sty
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NNSENWINEITEMEI UX nudbididennug
ARSI ANTRINANMBEN NstinuTe

iamildanansogungusiegslidvunalugle wu
flauuszanaumaziatdnina dudu welinisagunaniside

fimsnnutdedie WiinideRasantatuddydonils
i nquegeiiguidandouiiuiunuessyains
oeausiase (21) Tunsfneiided ufnguiegaiild
fvwalailvig (N = 72) usinquanegalianuarlnalAsaiu
wn Ao WudniniZeueny 7-9 TMBeulsaSeudeniu
vieadeudeiu Seulussaulndifesiufie U.1 uay U.2
F9onananlii nguiedsegludnuaziianunsalddu
FunuUszynsogawiase (Ussansfaneny 7-9 )
wonandu denduihetneivuaidn §ideididenld
afiRensBamIeiTaeysu (Inferential Statistics) Lito§1984
ludsszannsngulvg) Bdlundnfy fisessldfiesed
Toyaseninngueey 1 sgvisdulinsfinw sewis
naweny uazsviama ilefiansansamsiazsitoya
ululufienaderiuniely

2.4 usIvTIutaya
nsiiuTuTndeyaifien1suseiliu Game

Experience aunuAdviafieanuuuiagiangae DEGT-9
ftumeumusduiansusall: 1) fuddenudintniSou
Werfusiusandeya Wetuil 27 funau 2561 waz 10
unsaw 2562 Tutaanan 13:50-14:50 . 2) iddeeduy
fanUszasduazdumouvesnsfinuideudidin 3) Widn
LAUNUNSARLENTE 4) NasauLny hnazlasu THGEQ
Tugduvuionansiftonansaudndeinaluniyusiig
Tnemslirzuuluusasdonufiousenisviiesesaneg
AIUUNIN VAS %weﬂﬁﬁﬁammﬁmmﬁu

msfinuidvegeldnisdunanisaivesiinideuay
Atfaoudanonlyinsatiuayuuniiiin 1y Fres1usenis
fondlidnueuiieuniadedslindes Hudy

2.5 LWUULNUNIINAADY
2.5.1 WATzRAady Game Experience
Tunnsu
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Andgvessdumuidndedan 7 Aaw 910 7
Useifiu weensUsuiiu Game Experience filéann
THGEQ gnAtwIns inawin1sudanaldriainavienide
vospziLLnIERuviTiY [22) dafu Aiadedmiuula
Aamang laun

JEHU AU
321-400  wnilgn
241-320 1N

1.61 - 2.40 J1unang
081-160 oy
000-080  tositgn

252 AeTwienaie Game Experience
sEvhengudiniusneiy

LUUMHLNNSVAaasildfe Between-Subjects
Design Ao W3suifisurniadsvesssfumuidnsoman
7 Mo serhangudindiunnsatu (we sefutunis
Anw uazene)

sedueuiAnsousazmniuveafiniavungn
ilunageunisuanuaaun@ (Normality Test) fead
Kolmogorov-Smirnov Test ({lasandidagasnnndn 50
n3td) wansnegeunuIteyainisuanuaswuuliung
Iunﬂﬁﬁﬂm (P<.05) 3514 Non-Parametric Mann-Whitney
Test dwsumsnaaeusegisaaanguiiiudaszainiy
waeld Kruskal-wallis Test dwfunisnaaeuiieti k
nguitdudaszandu TumaSouifisudiedsvessesv
musdnsswinenguinindanuuansaiundeld

3. NAN15IY
3.1 wamsinseidaya
3.1.1 HamslATeidayadiuunmy
UsEBINIAERNS
melddadntnvesdruiulsassuluniovis
wInedeiineusunsdnsumsineidedios 1 lsadeu
wazdostamesunTaSouresiniSou Tdwmaliszes
NaNsAINsIINMSITesAniE 60 Wit Bnanssy
Jusnwaznsidodmaaswslsadoulivesiiaiily
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annsoatuayuieseninesdmiulminounaass
dunalfasumusunutingeu Belundidu thidsussdu
Usvaufnuurspudasumisdolindes Jedamaliunnu
Tdanunsalvideyalaviunauazasuiiu uagiveyaann
tniFou 2 audallongiutiidinuaie 6 uag 10 T 3
vilinandedeyafianunsaldusslovilfifies 68 oya
agnslsiimu fnGeudiuu 2 auldldseyeny uideya
9 Sanunsaldusslondld radnengndevengy
Fregeitaseilaae 7.50 T (N = 66, SD = .662)
wanuaseasdenldfauandunissd 5

aseil 5 doyauandiuananinuidn Game Experience
TuunMNUTETNIANERS

Toyausyynseans U (L) T

ssuunsFnm U. 1 45 68
4.2 23

b U418 39 68
Y 29

2y @) 7 39 68
8 21
9 6
Taisey 2

312 Hamsienevidiedsvesssiuauian
Game Experience Tus s
Yoya91n THGEQ Feusznauluse 7 faw 91n
7 Uszidiu gnAwamnAedsesssiumuian wans
A esitoyauanitenssd 6

M1519% 6 ALRAY Game Experience upayUssiiues
THGEQ Tun1nsm

Useiu N  Mean Std.

#1 pnuganivmeseniadung 65 358 882
#2 ANANNNTalUNSIAULY 63 2.86 1281
#3 mmiﬁn%lmaswdwmmdu 62 205 1.654
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M1519% 6 ALaAY Game Experience uiavUssiiues
THGEQ Tunwsau (siv)
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A5 7 AsTeuliisuaade Game Experience
WAazUseLAUYes THGEQ Suunmawe

Usziiu N  Mean Std. | Usudiu A N Mean Std. U P
#a mmiﬁﬂﬁmﬁwaﬁumm 62 2.85 1.545 #1 wle 28 361 916 - .448 654
#5 Ausdnauauselny 58 1.28 1.673 'm; 37 357 867
#6 ANUFANAIUUINGBINY 61 328 1213 4o wde 28 289 1166 - 117 907
#7 ANUATEATENINNTIAUNY 58 1.16 1.684 Gm; 35 283 1382
#3 ‘MEU:Q 27 2.37 1.523 -1.337 .181
nadwslunsed 6 wandliiuInans@ndnnuiiaay ¥y 35 180  1.729
ﬁﬁmaluisﬁumnﬁgﬂ ansaaunulaluseauwrn 4 wla 26 277 1531 - 452 651
sgnhaunuiFnaulvalusumsiaunalussiuyiunatg ¥y 36 292 1574
iﬁﬂﬁuﬁﬁlﬂﬁumﬂmzﬁumn fanu3dnauuinsieiny g5 Wi 25 112 1453 - 464 643
Tuazﬁumnﬁéfﬁ) Iummsﬁﬁmmifﬁﬂﬁ’maﬂuasﬁ’uﬁay e 33 139 1.836
waridndanuasealuseninuaunulusedudoy g6 wis 26 346 1067 -1.070 .285
NMTIATITRTaYasIna e1ananaledn ind ¥y 35 314 1309
Usraumsalnisidunaluduuineglussdudiunans g7 wie 24 121 1587 - 286 775
wﬁqmnﬁqm IummzﬁgﬁﬂL%nauﬁ’umuﬁ%ﬁaa&ﬂuisﬁ’u e 34 112 1771

fow nanfe nuAITafioanuuudie DEGT-9 @m1se
¥ilWidind Game Experience Ailusenintsnsiaunald
3.13 wamsleneiaadevesseiumnnidn
Game Experience ‘izw’iwﬂa;mﬁﬂﬁ
uaneianL
ANNSITA1INAADILUY Between-Subjects
Design tleiUSouifiuaiadsuasseiunnuddn Game
Experience ?JENLﬁﬂiwdwﬂduﬁumnmqﬁ’u Toun e
seafutumsAng LAYy UAMITIATBEARIINTIAT 7 -
A1571971 9
mﬂmmﬁi 7 Han1TIATIEY Game Experience
sEIenguAnyeLasinuds lunuauiusigse
Uszaunsailunisiaunulunnussiiu innmeuasnds
TanuAawiuiesiudeyaluile 3.1.2

aghalsfinnu m3197t 8 waz m5197t 9 wanslifiuay
uanshamsanaAsuivlusuaa AU g uny ()
izijﬂﬁjmﬁﬂ U.1 ez U.2 (U = -2.513, P < .05) uag
FEWIINGIANDIANAY (H = 6391, P < .05) laeiin
U.2 iﬁﬂ?{uﬁwaaﬂumﬂmzﬁ’ummﬁqm (M = 3.62, SD =
669) Tuwauzitiin 1.1 $Andusneglunaluszsduainn (v
= 2.6, SD = 1.719) uaziiney 8 uas 9 U iﬁﬂﬁuﬁ?wag
SLumﬂmzﬁumnﬁqm (M = 356, SD = .705 wag M =
3.67,SD = .516 muﬁwﬁ'u)iummxﬁlﬁﬂmq 7% iﬁﬂ?{mﬁ
aglunuluseAudunans (M = 2.35, SD = 1.767)

A19199 8 NLUSBULIBUALAAY Game Experience
WiazUseLiures THGEQ SuunmusyAudu

Usehiy seeutu N

Mean  Std. U P
#1 4.1 44 355 975 - 167 867
4.2 21 367 .658
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A19199 8 NLUSBULTIBUALaAY Game Experience
WiazUseLAures THGEQ Sunmusyiudu (se)
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A13197N 9 N1sUSeuisuAILads Game Experience
wiarUsiAued THGEQ $1uunmuen (7o)

Usafu sedudu N Mean Std. U P Ussiu @1 N Mean Std. H P
#2 U.1 42 293 1295 - 747 455 #6 7 36 319 1305 512 774
1.2 21 271 1271 8 18 3.39 916
#3 U.1 a1 171 1778 -1.809 .070 9 6 333 1633
1.2 21 271 1146 #7 7 35 114 1751 242 886
#4 U.1 41 246 1719 -2513 .012** 8 17 112 1.495
1.2 21 362 669 9 6 133 2.066
#5 U.1 37 124 1801 - .694 .488
1.2 21 133 1461
#6 Ul 40 320 1305 - .674 501 NNMTIATIEVTeYa Game Experience fon1siau
U2 21 343 1028 InuMsAnLenveEfiooniuLsie DEGT-9 Yaalfinng
#7 U1 37 114 1782 - 681 49  Usswinsmansiuandnstu envaduayulddn ind
U2 21 119 1537 Uszaumsalimsiaunuludsziiuaieg lduanaisiueee

A9 9 NsLUSeuLisuAaay Game Experience
wiiazUseiAued THGEQ $1uunmuent

Ussu @1 N Mean Std.  H P

#1 7 38 358 858 2415 299
8 19 342  1.071
9 6 4.00 .000

#2 7 36 272 1323 565 754
8 19 295 1.353
9 6  3.00 .894

#3 7 36 1.81 1.653 1376 .503
8 19 226 1558
9 6 250 1975

#4 7 37 235 1767 6391 .041**
8 18 356 .705
9 6  3.67 516

#5 7 35 134 1.781 014 993
8 17 112 1.364
9 6 133 2.066

fuddny eniunawganduaiegluing Aunndneiu
seadn U.1 Au U.2 uaziiinery 7 U dudineny 89 U
widsnsdimnaniiusiuiuianusdnaumeglunudegu
szAuunadaunniian Fenananlein wnnnnguiiu
v 4 L% 1 aa o dl ¥

NBINDINUIT LNUAINANDDNLUUAIY DEGT-9 #11190
WlAAnd Game Experience N1ABULN9ALUSEHINNTT
BPIGH

3.2 nMseAUTIENa

NNHANTIATIEToLATRY d1anTneiiusy
HakENALLAazUIEAYEY THGEQ uayd1adaliu
UsAnSnmues DEGT-9 flenseenuuuinufiavia fidsua
9 Game Experience fseavdendalui

321 anuddnvimeseninadung

Elliot [23] §19flanguyIsn1sussqudamung
9849 Dweck (Dweck’s Achievement Goal Approach) [24]
W éindidautimmenisdeuslilule assiamamensy
fagshanudnlaiedeuddaiulinniu inufivaces
msfnwenvezlasunsesnwuunIy DEGT-9#1 fe laszy
WhmnemsiSeusidnmsuteusing (1519 1) in
Jagshneuideaausenslslivus uazaiinanunes
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agslsbiussaulmnglild enveduseldin anumeney
Tstussquimunededeiimme inuansnsanseduauian
yaensgnimeldmniinsesldaunensiuegiwn
Tuna wnalduanseauidnlian inadsnandienuviine
1nilgn (M = 3.58, SD = .882) (M314i 6) Feaunsa
oynuldimsiaueitminensiseuiiitaauansa
gnseRuANNIAnveInIsgnYimela

3.2.2 ANLENNIalUNISEUNY

MeAdessyliin duugihdasdonlidmiu
WHushmeseviaaunavhliinFndulolunsiau e
dinannsamuudmeuigndesandatimaniulilae
Lispdldismsiduuuuaeinaegn [25-26]

foyalumsail 6 wandliifuininiandaam
anansalumsiaunulaluseauann (M = 2.86, SD = 1.281)
duilosninuidviadeansfauenveslsignesnuuliil
AadNwAIET 2 999 DEGT-9 (DEGT-9#2) en9agulsinnns
Trifuuzihimnzausenisiidniduny geumsnza
nhnslidniaunluBess uwuassiinasign nsliide
wurthillndieammeurilisiniandanuasnsaiaziay
iz ls Saenaormnuldin inudiuanuidnvesaia
ansnsolundinladingandulaluvasiay

323 anudEndulvaserinansiay

inuAdvaBamsAnuenves iuniseenuuy
Au DEG7-9#4 fie wiseenilunueess wiazinueesil
Ve Jausazinueeeiidnai e snuiuaneaty 1y
inwannvezlade inuadnmaszideusy [Wudu inudey
wantuudfsfifnuamnufiuanmuusislienudides
WWenfudeisosmsfausnuey Ssoraidunsnszdulsidin
FZeusidouiudld Winannsathanudnninugesd 1
Tuidulunugenil 2 16 ¢ Downes [27] 31891l
dinannsaiunuldftundanldinutiananiadeus
Tusuusn 9 wudr Seanusalduszaunsaliiewaly
Auned) WUla egrslsimumusesnui windoiSeuuisau
liveuiduinudunasieniuly [28] Turhusadeatuidin
flaunugosvaanudaunvessdidnuardunazie
falsiviuilazfagalisinddnaulasudulvaliuinufious
vieusiudn Tedamalidniadovesnnuidnaulavasiay
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wnuegluseAuyIuna N (M = 2.05, SD = 1.654) Wit

3.2.4 anuddndusiegluny

Aoalulszdiu “anufum (Immersion)” e
“nuiifinwaneq” fri “amaneq” Tudunienaiiena
Isdonmmsguueindu ilosanmwuanddedn neng
Ly 12 U veumazasidudnwazniguuedndy
unnnidaeasiiidnvazmileuuywdiuly [20] Fedu
WINANLENIALARLAYINEIE Aonanueiainay
nsquuetiudy Tuvagiindguueiududniidnuauy
Auede idedinveulunedutuiiidnvaziiuaie Juda
Juauns Weifindunnnisissanaumeglunaiiuies
LaTNUTIBUI Funnnsastaeiiassavinimlunis
Fouslidnldunnitu 29]

Faifu kanseeniULINATVREeIMIAALenTBE TilH
Sunisesnuuuny DEGT-9#5 fis Mazasluinuegly
é’ﬂwmzﬂﬁg}uLLaﬁm%uﬁﬁmiLLamaaﬂLﬁuﬁﬁq 930
Fagainlirus A ilidnvasuiudvioasndumnms
TiiuAiineny 7-0 YUK denalviidin3anausiluuinalusesiu
47m (M = 2.85, SD = 1.545)

3.2.5 anuiAnduuansewny

inuAdvaEessfuenues THFunseanuuy
A3 DEG7-9#6 o 4alyiil feedback Lieuansay
famtilunsFeuslidamay lugduuuresnzuund
WuduvieanasmunuaunsalunaduiasSouives
Wi T91e91uin mslisstauaznsastmudunddu
oadUsznouddnueanufianunsninwiusegilavesdidu
Tawnuseluldegaynawiu [30-31] uaglagiany
oghads mnmslimetauazmsasinslunuiuannsn
novaueslgiaunsuldlunanivnzay azdsualsigiau
finnusaniddeinusianadls 1 Fnaynauu indamay
Audilumsiay SEngdladodunulavus Wudu [32)
Memgrafinadienvdmaliiandanuidnduuan
sewnuluszsiunniign (M = 3.28, SD = 1.213)

3.2.6 AVIASEATEVINNTEUNY

inuAdvaEesmafuenues Tiiunseanuuy
#13 DEGT-9#3 fio fidnwnzdiiaudne leuame laidudeu
Liwdstuivanuswmienanniull 21nseauns
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AnwiAudeInITvesnguanAlugsianuadia [33]
WU flaudesmainuiifidnvasiuine Whanseuies
annsoduavldluszeznady Snfunenuidediaen
Adesiud inufifidnuar lidudou aulsien dddsae
LifigUassela 19U Angry Birds, Bejeweled | Wudu

o

biiauianldinsgasenitanisiay lunnseiudiy

Ve

r3ansounmeviay [34] memeNaningty Juili
winuansnusanindeuaiealussriiaunudauen
yozluszauloy (M = 1.16, SD = 1.684)
3.2.7 enuiAnduausieiny
Lﬁmﬁﬂﬁmmﬁﬁﬂﬁmmnmmuﬂlmsé’umnﬁéﬂ
uardmnuaseatuseninaaunuluseautios Jsdmali
winfianuidnenuaulusziiudae (M = 1.28, SD = 1.673)

4. g3y

Design Heuristics tdunilslundnnisnis HC i
aamwummﬁ%ﬁaLﬁamiﬁmsnSﬂﬁm’mﬁ’]ﬁiymﬂﬁu
Tumsléifuuumslunisesnuuu DEG Suilesnainnis
28NIUY DEG tu Fosflanwaunaszwineeuaynauu
wagUsavsnmlunsseus lunsfinwidefinuan {33
Ighinaue Design Heuristics 70 “DEG7-9” dsUsznau
lushenmdnuazdiey 6 Ussmsitensldlunsesnuuy
DEG dwisuifineny 7-9 T (msneit 1) §3selduansit
W31 wn DEG leiunsesnuuuliiil 6 aadnuazves
DEG7-9 & DEG thuazannsansesulsifinussqranis
mMaseus wasnuInnuRaudnn ey i suazuLY
nHETIEe

msfiny3deil SHngusrasdiiaznaaeudn mninu
Advialasun1seDNUUAY DEGT-9 Ud1 azdawalinudl
ANuALNaIWTelAsUALILLY Game Experience lusgdiy
Asenioli agslsinu delinunuvaeunudszidiu
Uszaunisainsiauny (GEQ) fivnzaufuiinlng ns
Any3SuilFaléun GEQ o “THGEQ” Tumn KidsGEQ
[14] THGEQ fisenismauduniwineuaziisiuiu
faudinsgdunin KidsGEQ usdinansaunquuseiiu
#1971 KidsGEQ Tlun1sussidiutsvaunsaimsiduny

o U I3

fvadusuan anadalaraus VAS Neanwuudule

NIATITBLAzIAILN 195, UN 43 adui 2 Wwwey - Tguiey 2563

WYIUNTSLARSAMAAATILULREY 5 SeRUfl KidsGEQ
dogiA

THGEQ gnihluldiauszaumsalnisiaunuveanning
TaefAdeliinnudes “nsAauonves” Jefinddele
senuvukasimuilunsnunifediinen nudangn
14 DEG7-9 iluuumalunisesnuuuiaziau nans
Anwnuin inufleenuuudig DEGT-9 ldSunzui Game
Experience G?qu,aiﬁsé’fumuﬂam]uﬁqmmﬁqm Wniina
Snunudiduaynd inufianufudu naunso
naidldias nufinnane winliwdesmiefiaziguna
wagliifierlsunvuietung egndlsfinia ssuiaauny
Léﬁﬂﬁﬂlﬂﬁuﬁmm%ﬁﬂﬁulmalﬂﬁuLmemTﬂ

Nan153981AN%e THGEQ uay VAS Finunisviagdey
Tgunamuitausailulalunisusedu Game Ex-
perience dmsuidinlngldeghamnyan Snteuandlmiiu
wanguBudulseansamuss DEGT-9 11 vnunulasunis
senuuuliidnuagauil DEGT-9 thiauald enadnsléd
DEG fandnazairaszaunisainisiaunuiidlyiuniiney
7-9 T1¢ 71 DEG7-9 uaw THGEQ wan VAS anansaldidu
nann1sne HC dwsulrlunisesniuuinuuazyseidu
inuAIvaionsAnwAmIUAney 7-9 Yli

dmsumsAnunidelusuannuinnsaul GEQ wag
vAS wuulmle fimngavdmsudining Sadunisfinm

@

Ienmssezannalule

5. inAnssuUsenid
yovaunszAnndusg1sdwiagsuenslsasouden
a$1anuies wwelads Amvndu uasagussddu aung
afiae1 Buniau auagnasssy dunlu Auagnuasun
AYIHA ANATANITTN BUTUENTNG Uaz AAZNdUNT
ymns lumsadvayuuegnsibedmiumadindnyiuas
iudoya Inslamzagnads veveunaudniinGeuiliniy
fuilelumsliteyadmivnsdnuiseiduedisiios
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Urbanization in developing countries has led to an increase in both quantified
amount of municipal solid waste (MSW) generation and final disposal. While
many countries are utilizing open dumping to dispose MSW, such a practice
can cause environmental, social, and economic problems. Accurate spatial
data in the form of mapping is necessary for construction and proper manage-
ment of a disposal site as well as for systematic operation, site maintenance,
and monitoring of the site. Although unmanned aerial vehicle (UAV) has widely
been used in many survey applications, UAV has not yet been applied to the
work related to open dumpsite. The aim of this study was to evaluate the
accuracy of open dump mapping with different image overlaps for setting basic
and standard UAV flight information. Ground sampling distance values were
set to 5 cm/pixel, while flight configurations were varied from 80% to 90%
and 75% to 90% for frontal and side overlaps, respectively. Root mean square
error (RMSE) was used to represent the accuracy of the measurement. Ten
ground control points for geo-referencing and 26-28 check points for accuracy
evaluation were utilized. The results were classified based on the accuracy
class as per the American Society for Photogrammetry and Remote Sensing
standard. The best results were obtained when using 80% frontal overlap and
75% side overlap; these values resulted in the lowest RMSE on both horizontal
and vertical coor-dinations for open dump mapping.
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1. INTRODUCTION

Urbanization and industrialization of many deve-
loping countries have led to an increasing amount of
municipal solid waste (MSW) generated and sent to
final disposal sites. Open dumping is the most popular
method for the disposal of MSW in developing coun-
tries due to low operating costs and skilled personal
requirements [1-2]. Nowadays, the amount of waste
has increased, so there must be more space to sup-
port the disposal. Correspondingly, it affects the en-
vironment, ecosystem community and real estate
nearby [3-5]. Therefore, the operation and main-
tenance of open dumps are important tasks for solid
waste disposal site management. The waste that is
degraded in open dumps can change its chemical,
biological, and physical characteristics, which produces
leachate, gases and materials productions [6-7]. How-
ever, this degraded waste can be processed back into
recyclable materials that have economic value. The
study of changes in open waste disposal areas pro-
vides important information for social, economic and
environmental assessments as well as social impacts
from the discharge of leachate, gas, and materials.
[8-9].

The tools used to identify the change of open
dumping are spatial information. Map can be used for
monitoring, tracking and planning the operation as
well as planning for closure and rehabilitation of open
dump. Open dump monitoring needs to monitor the
amount of waste, waste height, slope of dumped
waste, overflow of leachate, and litter problem. Open
dump mining recovers materials from disposed waste,
especially plastic; this mining needs to know the
amount of waste that can be converted into Refuse
Derived Fuel (RDF), which leads to estimation of
potential energy recovery [10].

Topographic map by land surveying is necessary
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for estimating the amount of disposed waste. Normally,
surveyors use various equipments for mapping, e.q.
total stations, theodolites, Global Navigation Satellite
System (GNSS) receivers, which are used for collecting
the three-dimensional (3D) positions of points and
distances data. However, these methods are the direct
measurements that need to set up survey instruments
in the field. In actual conditions, surveying equipment
on non-compact waste is very complicated and leads
to severe uncertainty data. In addition, final disposal
site is a hazardous area because wastewater, toxic
gases, and dust can affect surveyors. Thus, traditional
survey methods do not only cause harm to surveyors
but it is also difficult for field working.

Nowadays, Unmanned Aerial Vehicle (UAV) or drone
technology has been used in manifold fields such as
terrain mapping, construction industry, environmental
monitoring, precision agriculture [11-12]. For mapping
process, UAV has been operated with geospatial in-
formation and used for producing maps with a low-
cost option. The strength of UAV photogrammetry for
mapping, i.e., capability, flexibility, and high quality
of photo acquisition, can produce a 3D model by
structure-from-motion (SfM) method [13-15]. Kristen
Cook (2017) and Ewertowski et al. (2019) defined the
meaning of the SfM as a generation of photogram-
metric technique that automatically solve the geo-
metry of scene, camera positions, and the orientation
without requiring a priori specification of a network
in term of 3D positions. [16-17]. Many factors that
affect accuracy of maps and 3D models obtained by
Unmanned Aircraft System (UAS) photogrammetry
are flight altitude, terrain morphology, number of
ground control points (GCPs), frontal and side overlaps,
and weather condition [18].

This study aims to evaluate the photogrammetric

mapping accuracy of 3D models and orthophotos
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derived from UAV Photogrammetry, based on the
variation of frontal overlap and side overlap in open
dump mapping in order to increase mapping accuracy

of disposal operation.

2. MATERIALS AND METHODS
2.1 Study site

The studied site is open dump in Muang
district, Nakhon Pathom province, Thailand (13°52'03"N
100°02'37"E), as presented in Fig.1. This site covers
4.78 hectares (0.0478 km2). Currently, this studied
site is collected the MSW from 19 municipalities. The
open dump mapping was conducted from January to
February 2019.

2.2 Image acquisition

This study generated images from a low-cost
rotatory wing UAV with four rotors (DJI Phantom 3
professional). This UAV has an built-in digital camera,
Sony EXMOR 1/2.3" CMOS camera with lens and fixed
focal length of 20 mm The resolution of the camera
sensor was 12.0 megapixels (4000x3000 megapixels)
equipped with a gimbal.

The flight height was set at 114 m above the
home point level, covered the surface of 390x250 m
each photo and it is equivalent to the Ground sam-
pling distance (GSD) of 5.0 cm/pixel. All flights were
set as a single grid pattern. All flisht plans in this
study were automatically photographed above the
study area by the Pixd4Dcapture application.

To address the objectives, this study varied
the overlapping between 80-90% and 75-90% for
frontal and side overlap, respectively. Six flight con-
figurations were used to determine a photogramme-
tric project (Table 1). The sets of 10 GCPs and 28
checkpoints (CPs) were placed in the studied area
(Fig.1). The GCPs are used to produce photogram-

metric output, likewise the CPs are used for accuracy
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Table 1 Flight configurations (FC)
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FC1 80 75 159 10 27
FC2 80 90 249 10 27
FC3 85 75 155 10 27
FCa 85 90 287 10 28
FC5 90 90 307 10 26
FC6 85 85 186 10 28

assessment.

According to American Society for Photo-
grammetry and Remote Sensing (ASPRS) Positional
Accuracy Standards for Digital Geospatial Data (2014),
the number of static 3D checkpoints in Non-vegetated
Vertical Accuracy (NVA) is at least 20 points based on
a project area with less than 500 m2 [19].

The 3D coordinates of positions at 10 GCPs
and 28 CPs for geo-referencing and accuracy assess-
ment in the image processing were measured before
UAV flight by GNSS receptor working in Real-time
kinetic (RTK) mode. Both rover and base GNSS recei-
vers were Hi-target V100 system. For RTK measure-
ments, these dual-frequency geodetic instruments
have a manufacturer’s stated accuracy specification
of £#8 mm +0.5 ppm horizontal RMS and +15 mm +
0.5 ppm vertical RSM. However, GCP and CP targets
must have appropriately designed for minimizing error
during geo-referencing and accuracy assessment
processes. The dimension of GCP was 1.20x1.20 m,
which had resembled a chequered block sheet. The
dimension of CP was 0.40x0.40 m, which had a black
circle with a diameter of 25 cm inside the orange
square sheet. The figure of GCP and CP are shown in
Fig.2.
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Figure 1 Location of the study area and the

position of GCPs and CPs with orthoimage

(b)
Figure 2 The GCP (a) and CP (b) targets

2.3 Image processing

The image processing was implemented by
using the software package Agisoft PhotoScan Pro-
fessional version 1.4.4. This software classified as the
SfM algorithm. Agisoft Photoscan software was used
for processing the photos, which illustrates the pos-
sibility of the generation of georeferenced point
clouds, digital surface elevation models, and mosaiced
image for geographic information system data in order
to build a layer of mapping on the image processing.
Aligning Photos, the first step of image processing, is
performed to tie the images together in an automated
image correlation process in order to create a sparse
point cloud. The next step is “Optimizing the Photo-
Alienment”; it is used for performing photogrammetric

least squares bundle adjustment. The next is “Build
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Figure 3 3D reconstruction from UAV image data

the Dense Point Cloud”, which is estimated camera
positions, calculating of several X,Y,Z points in order
to accurately create the model of processing. Finally,
the inspection of textured model, which is important
for a precise marker of GCP and CP placement ge-
nerating into orthophoto, is conducted in this study,
as shown in Fig.3. [18].
2.4 Accuracy assessment

The spatial accuracy of this study was eva-
luated based on the positions of the CP that were
obtained from the RTK-GNSS and the positions ge-
nerated by the 3D model. The accuracy of X, Y, and
Z axes were evaluated in this study by using Root
Mean Square Error (RMSE) for determining the accuracy
classes.

The accuracy of all photogrammetric projects
were evaluated by typical RMSE formulation, following
to Martinez-Carricondo et al. (2018).

RMSE, = ’Z?=1(X01—XGN551)2 (1)
n

RMSE, = ’Zin=1(YOi_YGNSSi)2 2
n

RMSE, = \/Z?:l[(xoi—XGNSSi)z+(Y0i—YGNSSi)2] (3)

n

RMSE, = ’Z{lzl(ZOi_ZGNSSi)Z (@)
n

RMSE; = +/(RMSExy)? + (RMSE;)?2 (5)
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Where:

- nis the number of CPs tested for each project.

- Xo and Yq; are the X and Y coordinates,
respectively, measured in the orthophoto for
the ith CP.

- Xenss and Yguss are the X and Y coordinates,
respectively, measured with GNSS for the i CP.

- Zg is the height in the ith CP, derived from the
digital surface model (DSM), taking into account
its coordinates X and Y, measured on the
orthophoto.

- Zonss 1S the Z coordinate of the i CP measured
with GNSS.

3. RESULTS AND DISCUSSION

Waste quantity and settlement can be calculated
from 3D mapping by X, Y and Z coordination. The
total station is used as a traditional survey in order
to map and study the ground settlement. This
method obtained the measurement of an accurate
position [20]. However, this method has some limi-
tations for implementation on open dump site. The
accuracy of mapping by UAV photogrammetry should
be studied because UAV photogrammetry is an
appropriate method for open dump mapping.

The GCPs and CPs were used to investigate accuracy
of the project; the independent accuracy of geo-
referencing was checked by GCPs, and project ac-
curacy was checked by CPs [21]. Both parameters
are represented in terms of RMSE of horizontal and
vertical positions. RMSE, is the standard deviation of
the horizontal linear RMSE in the X direction (Easting).
RMSE, is the standard deviation of horizontal linear
RMSE in the Y direction (Northing). RMSEr is the
horizontal linear RMSE in the radial direction that
includes both X- and Y-coordinate errors. RMSE, is

the standard deviation of the vertical linear RMSE in
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the Z direction (Elevation).

The results of the horizontal accuracy of both
GCPs and CPs in each flight configuration are presen-
ted in Fig.4. The results of these flight configurations
were based on the ASPRS standard Version 1.0-
November 2014. This standard defines geolocation
accuracy to geospatial products [19]. This standard
recommends the use of orthoimage in three categories
according to their orthoimage RMSE, and RMSE,
values. When these values do not exceed 1-pixel,
the orthoimagery can be used in the highest accuracy
work. If these values do not exceed 2-pixel, this
orthoimagery can be used in standard mapping and
geographic information system (GIS) work. On the
other hand, if these values are equal to or greater
than 3-pixel, the orthoimage can be only used in

visualization and less accurate work [19].
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RMSE-X of CP RMSE-Y of CP
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Figure 4 RMSE, and RMSE, of GCPs and CPs for

each flight configuration
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From Fig. 4, the RMSE, of GCPs were lower than
1 pixel (5 cm) in all flight configurations except FC2.
The RMSEY of GCPs in FC2 and FC4 were lower than
1 pixel or 5 cm. The RMSE, of GCPs in FC1, FC3, FC5,
and FC6 were between 1 and 2 pixels. The results
showed that the FC4 had the best geo-referencing in
this study.

The RMSE, of CPs was found that only RMSE, of
CPs in FC1 had lower than 1 pixel. RMSE, of CPs in
FC2-FC6 was between 1 and 2 pixels. The RMSE, of
CPs in CF1 was between 1 and 2 pixels. However, in
FC2 to FC6, the RMSE, of CPs were more than 2 pixels.
According to the ASPRS standard (2014), it was found
that the FC1 can be the recommended use in standard
mapping and GIS work. For the cases of (FC2 to FC6),
it can be recommended to be used only in the

visualization and less accurate work.
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Fig.5 presents the horizontal linear RMSE in radial
direction, which is shown in terms of RMSE,. The
results of GCPs of all flight configurations were
between 6.30-7.95 cm. RMSE, of FC1 gave the lowest
value (7.25 cm). In contrast to the FC2 to FC6, the
values of RMSEr of CPs were greater than FC1, which
were between 12.90-16.25 cm.

The ASPRS standard also gives the recommendation
for the comparison of RMSE, result with vertical
accuracy criteria. [19]. This study assessed vertical
accuracy in a non-vegetated terrain condition, which
is suitable for the open dump. The vertical accuracy
for the RMSE, of CPs in FC1, FC3, FC4, and FC6 can
be defined as 5 cm-vertical accuracy class (Fig.6).
The RMSE, of CPs in FC2 and FC5 can be defined as
10 cm and 15 cm-vertical accuracy class, respectively.
The RMSE, of GCPs in FC1-FC4 also provided an
accurate geo-referencing in vertical accuracy which
showed the RMSEZ below 5 cm In addition, the 3D
model process is referred to accurately position of
RMSE, generated into a digital elevation model
(DEM), as shown in the Fig.7.

The overall of horizontal and vertical accuracies
are presented in term of RMSE; (Fig.8). The range of
RMSE; of GCP in FC1-FC6 was between 1.41-2.87
pixels. The lower RMSE, of GCP was in the FC1 and
the higher RMSE, of GCP was in the FC5. The range
of RMSE, of CP in FC1-FC6 was between 1.55-3.86
pixels. The lower RMSE; of CP was in the FC1 and
the higher RMSE of CP was in the FC5. The horizontal
and vertical accuracy according to the ASPRS 2014
standard and their equivalent to map scale in ASPRS

1990 standard are summarized as shown in Table 2.
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Table 2 Summary of accuracy in all flight

configurations
Horizontal Accuracy
4 Equivalent to
s ASPRS 2015 <
o map scale in ©
8 2
Ugun Horizontal L
c >
o Accuracy ASPRS | ASPRS A
g RMSE, <
2 Class RMSEy 1990 1990 Q
o (cm)
3 and RMSEy Class 1 | Class 2
(cm)
FC1 7.50 10.60 1:300 1:150 5-cm
FC2 15.00 21.20 1:600 1:300 10-cm
FC3 12.50 17.70 1:500 1:250 5-cm
FCa 15.00 21.20 1:600 1:300 5-cm
FC5 15.00 21.20 1:600 1:300 15-cm
FC6 15.00 21.20 1:600 1:300 5-cm
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4. CONCLUSIONS

The UAV photogrammetry, which is a disruptive
methodology, was implemented in this study. The
othomosaic maps and 3D models for open dump
mapping were successfully eenerated based on 6
flight configurations that varied in frontal and side
overlap. The images were captured by the low-cost
UAV and processed by SfM software. This study shows
a considerable advantage of UAV photogrammetry
over the traditional survey method at open dump
site. Based on the analysis part, each flisht configu-
ration contributed to different errors in terms of
horizontal and vertical positions. The RMSE analysis
showed that flight configuration at 80% frontal over-
lap and 75% side overlap gave the best results for
RMSEX and RMSEY within 7.5 cm. as well as RMSE,
within 5 cm. Thus, this flight configuration can be
suggested as the recommended UAV photogrammetry
practice for the mapping at the open dump. However,
the accuracy of mapping does not only depend on
flight configuration but also depends on the appro-
priate GCP configuration of both numbers and align-
ment. In further study, the appropriate GCP configu-
ration should be investigated for finding the minimum
GCP number to ensure level of accuracy with the

most appropriate and feasible facility.
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Article History: This study investigated the use of barium hydroxide doped ceria (Ba(OH),-
Received: July 23, 2019 Ce0,) as solid base catalyst for the transesterification of palm oil with
Revised: February 5, 2020 methanol to produce biodiesel. Cerium oxide was prepared by colloidal
Accepted: April 16, 2020 emulsion aphrons (CEAs), a type of dispersion method, which was then
followed by calcination. The catalyst was evaluated for its activity in
Keywords: terms of the content of fatty acid methyl ester (%FAME). Moreover, the
Biodiesel / Cerium Oxide / dependence of the %FAME on the reaction parameters, which included

Heterogeneous Catalyst / the amount of catalyst and reaction time, was studied. Physicochemical

Transesterification characteristics of the catalyst, as revealed by X-ray diffraction, Brunauer-
Emmett-Teller analysis, scanning electron microscopy and differential
thermal analysis/thermogravimetry, were also examined. The maximum
methyl ester content was noted to be 94.65%. The optimal reaction
condition for the transesterification used a 30:1 molar ratio of methanol
to oil, with an addition of 8 wt.% Ba(OH),-CeO, catalyst and reaction time

of 4 h.
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1. Introduction

Energy security is one of the most important issues
facing the world today, particularly regarding fluctua-
ting fuel costs, with the price of non-renewable fossil
fuel resources, including natural gases, oil and coal,
increasing in the world market day by day. Moreover,
the supply of fossil fuels is expected to be exhausted
in the near future. As fossil fuel resources become
more and more limited, scientists have been trying to
find alternative energy as a replacement. Renewable
energy refers to types of energy generated from
natural sources that are not finite in amount. Biodiesel
produced from palm oil is one such interesting alter-
native. The conventional biodiesel process uses
homogeneous catalysts such as sodium hydroxide
which have many drawbacks. The removal of these
catalysts from biodiesel fuel is difficult and requires
a washing process that uses a large amount of water
[1]. Heterogeneous catalysis is an economically and
ecologically important area in the wider catalysis
research field because these catalysts have many
advantages. They are non-corrosive, environmentally
benign and present fewer disposal problems than
other catalysts. Moreover, they are also much easier
to separate from liquid products and can be designed
to produce higher activity, more selectivity and longer
catalyst lifetimes [2-3]. Many types of heterogeneous
catalysts, such as alkaline earth metal oxides and
various alkaline metal compounds supported on
alumina or zeolite can catalyze transesterification
reactions [4-10]. The order of activity among alkaline
earth oxide catalysts is BaO>SrO>CaO>MgO [11-13].
Wenlei et al. [13] found that the optimum catalyst
of the reaction was Ba-ZnO with a loading of 2.5
mmol/g¢ Ba on ZnO, calcined at 873 K for 5 h; this
was able to exhibit the highest basicity and the best

catalytic activity. When the transesterification reaction
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was carried out at reflux of methanol (338 K), with a
12:1 molar ratio of methanol to oil and a catalyst
amount of 6 wt. %, the conversion of soybean oil
was 95.8%. Beside, Xinhai et al. [15] investigated the
use of CaO-CeO, mixed oxides as solid base catalysts.
The best catalyst was Ce/Ca with a molar ratio of 0.15
and calcined at 973 K. It was regenerated after being
reused 5 times; the biodiesel yield was 91%. Meena
et al. [16] studied the transesterification of used
vegetable oil with barium aluminate. It was found
that the maximum %FAME was 93%. The synthesized
CeO, nanoparticles had high surface areas resulting
in the catalyst having higher activity. Ba(OH), is a
basic catalyst that has a high reaction rate and is not
corrosive. Therefore, the combination of Ba(OH), and
CeO, should provide the best performance [17-18].

There have been recent reports of CeO, nano-
particles being prepared by various techniques,
including mechanochemical reaction, microemulsion,
hydrothermal, sol-gel method, slycothermal process,
precipitation and spray pyrolysis [19-24]. Colloidal
emulsion aphrons (CEAs) are considered as micro-
meter-sized water-in-oil (W/O) emulsion cores encap-
sulated by a “soapy shell” consisting of multi-layer
surfactant molecules. In this dispersion, the emulsion
core sizes are mainly between 10-100 um and those
of the inner phase droplets are between 1-5um
[25-29]. CEAs, which is mild and simple dispersion
method, can also be used as a microreactor to
synthesize nanoparticle materials.

Preparation of nickel over cerium oxide supported
by the use of colloidal emulsion aphrons was studied
by Sunisa et al. [29]. The three different methods of
synthesis that were investigated were: (1) incipient
wetness impregnation; (2) impregnate the support
into CEAs loaded with nickel solution, and (3) co-

precipitation in CEAs of support and active metal.
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The synthesized particles were characterized by
various techniques such as X-ray diffraction (XRD),
scanning electron microscope (SEM), surface area and
porosity analysis (BET), and inductively coupled
plasma (ICP) analysis. The performances of all catalysts
were tested with methane steam reforming. It showed
that the catalyst prepared by method (2) exhibited
the highest methane conversion rate [24]. Transes-
terification of palm kernel oil (PKO) with methanol
over various types of natural calcium, including
limestone calcite, cuttlebone, dolomite, hydroxya-
patite, and dicalcium phosphate, has been inves-
tigated at 60°C and 1 atm. The calcination tempera-
ture had a significant effect on physicochemical pro-
perties, as evidenced by N, adsorption-desorption
measurement, TGA, SEM and XRD. It was found that
the calcination of dolomite at 800°C resulted in a
highly active mixed oxide. Under the suitable reaction
conditions, the amount of dolomite was calcined at
800°C of 6 wt.% based on weight of oil, with a me-
thanol to oil molar ratio of 30:1 and reaction time of
3 h, methyl ester content of 98.0% can be achieved
[18].

In the present study, cerium oxide was prepared
by colloidal emulsion aphrons (CEAs) method followed
by calcination and impregnation with Ba(OH),. The
catalytic activity was presented in term of the con-
version to methyl ester. Moreover, the dependence
of the conversion to methyl ester on the reaction
parameters, which included the amount of catalyst

and reaction time, was examined.

2. Materials and Methods
2.1 Catalysts preparation
CeO, catalyst was obtained from the reduction
of CeCl,+7H,0 (Sigma) in colloidal emulsion aphrons
(CEAs) as described in Sunisa et al. [29]. Then, mixed
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Ba(OH),(Merck)-CeO, were prepared using impregnation
method. Following typical protocol, an aqueous
solution containing barium hydroxide was stirred with
CeO, catalyst for 6 h and then dried overnight at
100°C. Then, the solid particles were calcined in a

muffle furnace at the given temperature for 1 h.

2.2 Catalyst characterization

The crystalline phase of Ba(OH),-CeO, obtained
from the preparation was identified by X-ray diffraction
(XRD, Bruker: D8 Discover) analysis. XRD patterns were
carried out at room temperature using CuKa radiation
(A=1.54056 A°). XRD patterns of nanosized CeO, were
obtained in 20 range between 20° and 80° with a step
of 0.01° and a scan speed of 2°/min. The particle
morphology and the sizes of the Ba(OH),-CeO, were
observed by Scanning Electron Microscope (SEM, Jeol
Model JEM-2100) method. The surface area, pore size
and pore volumes of the particles were measured by
BET surface area and porosity analysis (Quantachrome:
Autosorb-1).

2.3 Transesterification reaction

The transesterification was carried out in a
250 ml neck round-bottom flask equipped with reflux
condensers and a magnetic stirrer. The mixture of
palm oil (Oleen, Thailand), methanol and catalyst
was stirred vigorously. After reaction, the catalyst
was separated by filtration. Then, it was boiled in
order to remove methanol. The organic phase was
separated by centrifugation. The obtained sample
was washed with deionized water and dried with
anhydrous Na,SO,. Finally, %FAME (Fatty Acid Methyl
Ester) was measured by using a gas chromatograph
(Agilent 6890) equipped with a flame ionization
detector (FID) and a 30-m HP-INNOWAX capillary

column. All data from the experiment are based on
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duplicate sample.

3. Results and discussion
3.1 Biodiesel from palm oil by
homogeneous and heterogeneous
catalysts
For this experiment, the condition for reaction
used a 30:1 molar ratio of methanol to oil, 4 wt% of
catalyst, and reaction time of 4 h. Figure 1 reveals
the effect of homogeneous and heterogeneous
catalyst on %FAME. It was found that %FAME obtained
from homogeneous catalyst was 95.68%. As the
homogeneous catalyst is a liquid phase, which is the
same as substrate, the catalyst can be mixed and

made good contact with the substrate. However, a

120.00
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byproduct of this caution was soap which causes
difficulty in the separation of glycerin from product
[30]. For heterogeneous catalyst, 1.45 %FAME was
obtained from CeO, which indicated that CeO, was
a non-active agent for the biodiesel process. As CeO,
particles have a high surface area and are stable, they
can improve thermal stability of various materials
[31]; therefore, this was selected as a support. In
order to improve the surface properties, oxide of
alkaline earth (Ba(NO,)-CeO, and Ba(OH),-CeO,) was
selected as an active agent. It was found that %FAME
of Ba(NO,)-CeO, and Ba(OH),-CeO, were 20.93%,
and 94.65%, respectively. Since the %FAME of Ba(OH),
was close to % FAME of NaOH, it was this selected
as a dopant with CeO,.

95.68
100.00 -

80.00 -

60.00 -

FAME %

40.00

20.00 -

1.45

94.65

70.88

20.94

0.00 -

NaOH CeO,

Figure 1

3.2 Influence of catalysts preparation
conditions

The influence of catalyst preparation is shown
in Figure 2. %FAME obtained from Ba(OH), was 95.52%,

which is higher than the Ba(OH), supported on CeO,.

Ca0-CeO,

Ba(NO,),-CeO,  Ba(OH),-CeO,

Influence of catalyst type on % FAME

By way of comparing catalyst support of cerium oxide
commercial (Ba(OH),-CeO,-com.) and cerium oxide
synthesized by Colloidal Emulsion Aphrons (Ba(OH),-
CeO,-CEAs), it was found that %FAME obtained from
Ba(OH),-CeO,-com. and Ba(OH),-CeO,.CEAs were
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79.42% and 94.64 %, respectively. Sunisa et al. [29]
reported that CeO,-CEA particles were spherical in
shape and nanometer in scale. Surface area and pore

volume of the catalyst were higher than CeO,-com

of CeO,-com and CeO,-CEAs were 0.977 m?/g and
131.2 m?/g, respectively. Thus, CeO,-CEAs provided
higher %FAME. It was chosen as a support for the

impregnation with Ba(OH), for active agent of biodiesel

whereas pore size of the catalyst was less than  production.
CeO,-com., as shown in Table 1. The surface areas
120
95.52 94.65
100 -
79:42
80 -
:
=60
=
40 -
20 -
0
Ba(OH), Ba(OH)>-CeO2 (CEAs) Ba(OHy-CeO> (Com)

Figure 2 Influence of catalyst preparation condition
A:Ba(OH), B:Ba(OH),CeO, (CEAs.) C: Ba(OH),-CeO, (Com.)

Table 1 The Surface area, Pore volume and Pore size of Ba(OH),-CeO, with different CeO,

Pore Volume Pore Size
Samples Surface area (m?g) cm’g) A)
CeO2 Com.?* 0977 - -
CeO (CEAs) 1312 0.117 35.6
BaOH),-CeO2 (Com.) 5731 0.0219 152.80
BaOH);-CeO, CEAs 8217 0.0279 13570

%Navadol et al., 2005)and ® (Sunisa et al., 2012)



MIATITBLAzIAILT 195, UN 43 adui 2 Wwweu - Tguieu 2563 149

The X-ray diffraction patterns of Ba(OH),-CeO, of Ba(OH),-CeO,(com) is higher than cerium oxide
(com) and Ba(OH),-CeO,(CEAs) are shown in Figure 3. prepared by Ba(OH),-CeO,(CEAs). This indicates that
The patterns indicated the same element present in  Ba(OH),-CeO,(com) has higher crystallinity.

the characteristic peaks of both samples. The peak

1800

1600 - ® ® coo,
A Baco,
1400 - 4 Ba0H,HO

1200 -

1000 -

800 -

Intensity (a.u.)

600 -

400

200

‘
0 20 40 60 80 100
20 ()

Figure 3 XRD patterns for samples: (A) Ba(OH),-CeO, (CEAs) and (B) Ba(OH),-CeO, (Com.)

Scanning electron micrographs (SEM) of Ba(OH),- irregular-shaped crystalline particles. The Ba(OH),-
CeO,(com) and Ba(OH),-CeO,(CEAs) are presented CeO,(com) particles consist of many small granules

in Figure 4. Both barium - cerium oxide particles are  attached to aggregate particles.

BES 20kV BES 20kV
TME KMUTT TME KMUTT

(A) (B)

Figure 4 SEM images for samples: (A) Ba(OH),-CeO, (Com.) and (B) Ba(OH),-CeO, (CEAs)
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In order to investigate the distribution of barium
particles on cerium oxide, SEM/EDS was examined,
as shown in Figure 5. The barium particles on Ba(OH),-
CeO, (CEAs) in Figure 5 (D) were dispersed on the

surface of cerium oxide and wee more uniform than

10um

(A)

Electron Image 1

(@)
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that of Ba(OH),-CeO, (Com.), as shown in Figure 5 (B).
Surface area and porosity of cerium oxide prepared
by CEAs were higher than cerium oxide commercial,
therefore, barium was seen to be loaded on the

surface cerium oxide and more consistently.

Ba La1 ®)

Ba Lal

(D)

Figure 5 SEM image of sample: (A) Ba(OH),-CeO, (Com.), (C) Ba(OH),-CeO,(CEAs), and SEM/EDS images of
samples: (B) Distribution of Ba(OH),-CeO, (Com.), (D) Distribution of Ba(OH), -CeO, (CEAs).

The influence of calcination temperature (at the
heating rate of 10°C/min) on %FAME is illustrated
in Figure 6. It can be seen that %FAME increased with

the calcination temperature. However, when the

temperature was greater than 500°C, %FAME decrea-
sed. The increasing %FAME when the temperature
was less than 500°C should be caused by the greater

roughness of CeO, surface at a high temperature. It
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should be derived from the decomposition of the
carbonate groups, which liberated CO, concomitantly
resulting in the formation of small pores [17]. At a
temperature higher than 500°C, the particle size

increases substantially with increasing calcination

100
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temperature, indicating an obvious sintering of cry-
stallinity, which results in an unreactive state [15].
Thus, 500°C was an optimum temperature and

selected for most experiments.

95

90

% FAME

85
82.94

80

75

94.65

85.89

300 400

500 600 700

Calcination temperature (°C)

Figure 6 Influence of calcination temperature

Table 2 The Surface area, Pore volume and Pore size of Ba(OH),-CeO, with different calciantion

temperatures

Calcination Temp. Pore Volume Pore Size
©C) Surface area (m%g) cm¥g) A)
9.180 0.0497 21640
400
500 8217 0.0279 135.70
600 4411 0.0152 138.10

N, adsorption-desorption measurement is pre-
sented in Table 2. The pore sizes of all samples were
classified as meso-porous (less than 10 nm). Moreover,
an increase of calcination temperature caused a de-
crease in BET surface area and pore volume which
might have been caused by sintering of the particles.

The scanning electron micrographs of the calcined

samples are presented in Figure 7. Catalysts calcined
at high temperatures revealed increased roughness
of cerium oxide surface, as shown in Figure 7 (A) and
(B). Therefore, increasing the contact area between
the catalyst and substrate resulted in a higher %FAME.
Large fractures appeared on the surface when calci-

nation temperatures were higher than 500°C, as shown
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in Figure 7 (C). The surface fraction was reflected by

a significant decrease in the average pore volume,

BES 20kV
TME KMUTT

BES 20kV
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which corresponds to the data of BET in Table 1.

BES 20kV
TME KMUTT

(8)

x5,000 S5pm

(@)

Figure 7 SEM images for Ba(OH),-CeO,;:
(A) Ba(OH),-CeO, calcined at 400°C (B) 500°C and (C) 600°C

The X-ray diffraction pattemns of calcined Ba(OH),-
CeO, samples at different temperatures are depicted
in Figure 8. All of the samples presented the peak of
cerium oxide. Increasing calcination temperature
caused the particles crystallize more. The charac-
teristic peaks of the cerium oxide (26 = 28.56°, 33.08°,
47.48°, 56.34°, 59.09° and 69.40°) and the charac-
teristic XRD peak of Ba(OH), were observed on the

samples calcined at 400°C and 500°C in Figure 8 (A)
and (B), respectively. Figure 8 (C) shows the increasing
calcination temperature up to 600°C. Ba(OH), was
decomposed to BaCO, (26 = 23.90°, 46.77° and 46.99°)
and BaCeO, (20 = 28.71°, 40.98°, 50.87°, 59.45°, 67.44°
and 81.98°). BaCO, phase occurred by the loaded
Ba(OH), was decomposed to BaO on the surface of

the cerium oxide support; subsequently, the formed
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BaO could adsorb atmospheric CO, with the formation
of BaCO, phase [14]. However, the BaO phase was not
detected by XRD. The trace amounts of BaO phase
may have been highly dispersed on the surface of
the cerium oxide support as a monolayer [14]. The
BaCeO, phase could be one reason for the lower
catalytic activity because of decreased surface area
of catalysts.

The representative weight loss (TG) and DTA
curves of Ba(OH),-CeO, are presented in Figure 9,

which shows DTA peak with the associated mass loss

2000

153

in the temperature ranges of 30-255°C and 255-800°C.
At the temperature range of 30-255°C, a mass loss
of 10.5% was related to a decrease in the amount
of water in the Ba(OH),*8H,0 whereas at the tem-
perature range of 255-800°C, the mass loss was due
to the decomposition of the Ba(OH),, the solid-state
interaction between the guest compound with the
support [14]. The related evidence for the solid state
interaction of the catalyst and support can also be

seen via XRD pattern in Figure 8.
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Figure 8 XRD patterns for Ba(OH),-CeO,: (A) Ba(OH),-CeO, calcined at 400°C (B) 500°C and (C) 600°C
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Figure 9 DTA-TG trace of the Ba(OH),-CeO,
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3.3 Influence of the reaction conditions
The influence of the catalyst amount was
examined in the range of 4 - 16 wt. % of initial oil
weight, as shown in Figure 10. The %FAME increased
from 79.83% to 94.65% with an increase of catalyst

amount from 4 wt. % to 8 wt. % which should increase

100
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the number of active basic sites. However, when the
amount of Ba(OH),-CeQ, increased to 12 wt.%, %FAME
decreased. This may have been caused by poor
diffusion between the methanol-oil-catalyst systems,

and higher viscosity of the mixture. [15].

94165
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Figure 10 Influence of catalysts amount

The influence of reaction time on %FAME is shown
in Figure 11.9%FAME increased from 66.55% to 94.65%
with an increased reaction time from 3 h to 4 h due
to monoglycerides and diglycerides at initial stage
retarded the diffusion of reactants and products [31].
Moreover, the rate of the reaction increased directly

with reaction time until the reaction time reached 4 h.

110

The decreasing %FAME at 5 h might have been caused
by the decreasing amount of triglyceride and reversion
of the reaction. Thus, the maximum conversion was
achieved at a reaction time of 4 h. The highest %FAME
obtained from this condition was higher than the
%FAME (86%) obtained from transesterification of
palm oil with ZnO [30].
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Figure 11 Influence of reaction time
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After the completion of the reaction, the solid
base catalyst of Ba(OH),-CeO, was recovered by
filtration, washed with methanol and dried at 100°C
[33] for 1 h. Reusability studies were carried out
under the optimal reaction conditions mentioned
above (methanol : oil molar ratio of 30 : 1, catalyst

amount of 8 wt% and reaction time of 4 h.). The

120

94.65
100

% FAME
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results are shown in Figure 12. The %FAME yield
slightly decreased even in the second cycle (89.53%)
and the third cycle (76.27%). This decrease in activity
may have been due to the active siteblockage by
adsorbed intermediates or product species, such as
dislyceride, monoglyceride, and glycerol [1] and loss

of the active site by methanol leaching [32].

89.53

76.27

2 3

Number of repetition

Figure 12 Influence of reusability of Ba(OH),-CeO,

4. Conclusions

Ba(OH),-CeO, mixed oxides as solid base and high
surface area catalysts can be seen as a good hetero-
geneous base catalyst for the transesterification of
palm oil with methanol to produce biodiesel. The
cerium oxides were prepared by colloidal emulsion
aphrons (CEAs) method and loaded with Ba(OH),. The
optimum calcination temperature of the catalyst was
at 500°C for 1 h. The optimized reaction condition for
the transesterification had a 30:1 molar ratio of me-
thanol to oil, with an addition of 8 wt.% Ba(OH),-CeO,
catalyst and reaction time of 4 h. The highest %FAME
was 94.65% at the optimum condition. The reaction
could be completed over a short time under mild

temperatures and pressure conditions.
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This research was conducted to study the strength properties of controlled
low-strength material, with ageregate replaced by the industrial waste
kaolin (IWK) at 1%, 3%, 5%, 7%, 9% and 11% of fly ash (FA); ordinary
portland cement (OPC) was used as the binder. The strength properties
were evaluated via the unconfined compression test at curing ages of 3,
7, 14, 28 and 60 days. The amount of water used in the mixture was
selected by considering the results of the flow test and slump test to
obtain the desired consistencies. The results showed that liquid condition
of the controlled low-strength material from kaolin was affected by the
amount of fly ash used. The use of fly ash with cement helped reduce
the water requirement by 8% when compared with the use of only
cement as the binder. The more fly ash added, the more water could be
reduced. This is because the fly ash particle shape was spherical. As a
result, when the water was added to the mixture, the surface was coated
with such particles; fly ash then became a lubricant. An increase in the
binder (increasing OPC: FA) in the range of 1% to 11% did not affect the
amount of water required to cause collapse at a certain value. The use
of fly ash in the ordinary cement at every volume resulted in the time
reduction of the slump value. In addition, the results of the unconfined
compression test showed that fracture of the samples that contained
more cement, even at a shorter curing time, exhibited stress hardening
behaviour. On the other hand, if the sample contained less cement,
even at a longer curing time, it would show the stress softening behaviour.
The controlled low-strength material from industrial waste of kaolin mixed
with cement and fly ash could develop adequate strength to meet the
demand of work based on the requirements of the ACI 229R (ACI, 1999)
standard.




MIATITBLAzIAILT 195, UN 43 adui 2 Wwweu - Tguieu 2563

1. uni

5&@@3%&515&% (Controlled Low-Strength Material,
CLSM) Lﬂui’aaﬂuﬁﬁé’ﬂumﬂﬁwsﬁUﬂauﬂ%'m annsalva
diluiiuauussaduwiuldd iugaisuiiddnydeiiou
WieufuRuuuuudy CLSM anaiiedeniiuanmaiuly
AuniaiALgy Unshrink Fill, Controlled Density Fill,
K-Kret, Flowable Mortar, Soil-Cement Slurry [1-2] CLSM
Usgnautuinann ansidensany ansuaudiia 1nasau
wazdundn ?z'fqﬂ’1iLﬁaai%’i’aqiudwmammmaaﬂ%’u
Wasulgmuarumnzay Tnefinnsanaindneasnis
g sununssdauazanuannsatunisieulidu
dAgy

nsldningmanvnssueguty iiaeesmiuyudiuud
TudunasiileUiuUwanditudmivldiduiannoais
Suitnswieiiinfedldiuogreninaems TneiiingUszasd
ieandununnsieas s Wu kaganus [3] Anvimsldishans
UTuussandanulneniskasan (Deep Mixing) wuinaunse
g wunmuresiumisould venaniidwinlihu
ﬁamﬂ’mumsszmaﬁﬂiﬁﬁﬁﬁuﬁﬂﬁmL%maugu%muﬁﬁ
autidumassuethlununi dmalissoznanssad
szunpthanas Cokca [4] Anwnsldidrasy YU uae
Yugudlun1suSuussaudifunseanesia (Expansive
Soil) wudmsldidnaeesuiuyudiuud wasyurnaanse
annsnsraefvesmuldiidunainanmsasuuas
audinnsnmenmesiiegneiu sadunaunannsiiy
wmastduauaznisiinujisederlearfinvesiiasey
Thongchai [5] ke Klammeng Wag Thonechai [6] (5
$189UINABDLILINEAINIIUNARN SELEl N Ty
Uszwalnganunsausuugeliamiadaduusadaunuien
wazAfdssutmtnueiafuuasalagisnsngoy
wuUTend wuituuludfisdunausinandassedng
AU @onAADINUNANISAN®IV8Y Thongchai taz
Boonsung [7]

yenantudmuiniiauneneuiivsdnwiening
Jululalunsléidnassuaziiiningaaimnssuannumas
f199 fieowdn CLSM Tae Funston uawaniz (8] léisu

161

Anvnsthidnaesmanduianouiuiivioululuh oy
naosimaTidunavoIuTiuud 5% wawth 35-5%
Tngthwifn wasauauen Magus (Slump) Hiiszancs
6.5 Tuazmasuuiiuiianaides 1:2 Weflsnatiuly 6
Weulduniassiudaudunnsaaeunuil viauyaiil
AENNT 4 wins anansansgleglalagliimaredadia
JuwwnalmidwsunisiidaeslUldvduuselemi
Tunsdldug Wy Janoudmiinuuufuseunietagou
waalAsaieiuAy foun Janardhanam uazamy [9] 10
Anwnsliidnassmanitelfiiuianoundsieilsdulng
Tdieinaey Class F saufuyudimudiSoudisuiviun
undakuunelaksInTEviuuvaliawazL UULTIRaURY
ity nuianuedsaiiintufurelunsdildidiaey
wanduianaunduiidiesninnsdildfuanuadauiu
Butalia uazaiz [10] léAnwmsldauduiien (Flue Gas
Desulfurization, FGD) 1Judunayluiagounuuinas
wiuiidnassfisnndiuseg nuimhdssunsedauniien
fanfindunuegnsva Taenadfiuyiinaiasyils
anuannsolumsivadldvesiandianiiu Trejo wazane
[11] Ins1ea1unsly CLSM annningaanvnssuluyseine
ansgesmauiutaee Class C wag F wuinlleutun
T duTagmuiusziv gaderindldauy wvnsessons
AvNULALTANONNSU Katz wag Kovler [12] 51847U471
CLSM Aldmnenamnssy 5 wlialfin Cement Kiln Dust,
(CKD), Dust from Asphalt Plants (AD), Coal Fly Ash (FA),
Coal Bottom Ash (BA) and Quarry, (QW) 921U Ordinary
Portland Cement (OPC) wuaudfsumasves CLSM
flsansie CKD FA uaz BA Tanfireutnsgann
teyadhedunandififuidianumeeuiieliusslon
MnmngaamnssilugUuuy CLSM shetaniivaneuia
WevaunuuasuuuAy Fadunslininenssssuna
fiftogosnadrinlfiinusslovigean vnanuiiiunis
FIIUNANITANYIANTRAIUNEY (Strength Property)
uazAuaNsalun1sieula (Workability) 210013
naaesluiealfifinisues CLSM Ainnveamdeain
AREMNTINNTTUUAILIAUYINALNU ARSI



162

[

2. 740

Faniduduusznoundnlunisndn CLSM Uszney
lUse ARy (Industrial Wastes of Kaolin, IWK),
Uuu%muﬁﬂizmmﬁ 1 (Ordinary Portland Cement, OPC)
uay 10aey (Fly Ash, FA) Imagﬂﬁ 1, 2 way A5 1
UAPANBIYNIINTEIBA ANUANIINIEAIN UAYDIA-

‘Uizﬂaumqmﬁﬁuaﬁa@mmﬁﬁu

2.1 MNARYN

WK gnifidumnaramaunuianuuuiiulian
154UENAMNTTURENLSN N AMTENDUULYBIUTEANA-
Ine Tavasshnsnmagevauiiuguliun n1snszatedh
yaaudinAu (Grain Sized Distribution) IAg1iAALTLAA?
(Consistency Limit) anuaasdumzveadindu (Specific
Gravity) Wagn1sauunuszlanau (Soil Classification)
ANNMTIIU ASTM D422, D4318, D854 wag D2487
[13-16] Tneran1svadeuLanslénamIssdi 2 nsnszany
mrasnInAurIeglugis 4.75-0.075mm laeilAAiu
WidleantegsinNALYILHIUATLUINNTARLENLS
furneonlludifinny walnaininendnsnavous
aumﬁmmﬁwﬁamagjuuﬁuﬂwmﬁamﬁwmu BN
Qmﬁﬂ‘wmzlﬂu Clayey Sand with Uniform Graded (SC)
dlosuunuszinndaeszuy USCS anugiedimizdien

100
90

80
70
60

50
40

30
20

10

Percent Finer

0.01 0.1 1

10 100
Particle Size ([lm)

NIATITBLAzIAILN 195, UN 43 adui 2 Wwwey - Tguiey 2563

Wiy 2.5 Falianindifesiunadnuugvesusianalng
naudanlan (K-feldspars or Alkali Felspars) [17] %58
#uiludildlugnavnssuesiia

2.2 Yudwud
OPC umadenuszanumdniiautinuannsgu
wen. 15-2555 [18] N3dnziiasdUsenoumaaiinud
HATINVBA Cao, Si0,, ALO, kag Fe,O, iAWy 93.17%
donpdesfvantinuaiivesyuiiuuiesauaud [19]
OPC fivwnaveseynaegluras 0.4-104um Tnsilaniade
WA 26um

2.3 \inavy

FA gldiduansifendszanusosiienauny
Usauduudunsdiu Msiasieieddusenauniaadl
WU USUauRasIned Sio,, ALO, wae Fe,O, iAwifiu
67.69% Baraglutag 50-70% uag SO, fiAwiiu 4.8%
faflenlaiiu 5% Weinsanmuterinuavesumnsgu
ASTM C618 dnldindaesilldlunsinuadsiogly
Class C viToonasundnagedinassuAnfesgs [20]
lpgilu3unns CaO wiiu 21.34% FA flvuavesaunn
oglut3 0.2-549pm aefianadewindu 138um

- |WK -+- OPC =< FA

1000 10000

gﬂﬁ 1 miﬂisma@]’wawmmaqmﬂ WK, OPC wag FA
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sUn 2 q
L] q

A15799 1 29AUSENOUNILALYDY IWK, OPC way FA

AUANWULNIINILAMVBY WK, OPC wag FA (Adaveny 1,000 wi1)

23AUsENOU ALO; SIO, SO; KO0 CaO0  TiO, Mn,Os Fe,O; MgO
WK (%) 17.24 7546 0.00 3.48 037 0.30 000 182 134
OPC (%) 3.58 17.64 437 047 6834 0.30 0.00 3.61 1.69
FA (%) 16.39 3384 480 2.65 21.34¢ 0.62 0.18 17.46 2.72
asedl 2 audimessdmaiiaveaninivam
auin NANSNAADU
Grain Size Distribution
Passing No 4", % 97.0
Passing No 200", % 30
D0, D3 and Dgo, MM 0.09, 0.14 and 0.46
C, and Cc 0.09 and 0.14
Atterberg Limits
Liquid Limit, % 26.3
Plastic Limit, % 20.0
Shrinkage L imit, % 4.5
Plastic Index 6.3
2.50

Specific Gravity
Soil  Classification  System
(USCS)

Clayey Sand or Sand-

Clay Mixture, SC
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3. 25N15ANEN
3.1 99NWUUAIUNEN
dunauildlunisinsiamunuanslddaniss
71 3 Usinauansidouusvanuwiniu 1%, 3%, 5%, 7%, 9%
uay 11% Tnethminusteves WK Usunashilaludiunay
doufswmeronudomslumsiuiitemaeiidiel
Anansionuszaunaziiauanansalunmsieulely
seauUnd Tneanmsgiu AC 229 MuuaRlAINITE U,
aglutq 150-200mm %amiﬁﬂmmimaaummmmgm
ASTM C109 wag ASTM C143 [21-22] MUAIRNU Wan1s
nnasunUidodldUsIna ity 33%

3.2 NSASEUAIDEY
daumamsgﬂwauéfw Pan Concrete Mixer gy
wasluiuunasadurLALENa1 2 i ANINES 4 i
waztdesiial sz 1-2 Sluadielifagned andy
SR iSouiioszwinanisadeus auiieg 199z
annsoaeusanaldduiiuiintign vdwnduldesisls
5n 24 Hiluaduedretioniteliudein anduinenteu

A15199 3 N1seenuuuTaARHaN CLSM
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Y 1 v

fag19eankasiunlefdunusuemsiiatasiunis

q
v
a o

gapdetannissemenewlunaaeuAtmassulsedn

o

WNULERNeNENIsUL 3, 7, 14, 28 uag 60 Ju aud1iu

3.3 /M N

CLSM luanizwaignnaaaudinsivaminig
Slump Flow, L-Box Wag V-Funnel a131u1935§1u ASTM
C1611 uaz EFNARC [23-24] iteusziliunuansnga
Tumevhawilst Aousheghafiongmsuusngg azgnuadey
audAmumMawenmageuiAIsuLsEaRNUAYT (UCS)
AINLIATFIU ASTM D2166 [25] lnenisliusinariou
fhoghaaglidnsndeuiimauuinweedediogluris
0.02 4 0.1 fatowndt antutuiindeyaamniumuinuss
ynqmsvada 0.005 davestioushegn ddlunsdliiou
fegadimidesuuseigeonald 0.002 i ieliiAnau
wngiungAnssuvesian lunsdiitlifisesdeuunngda
TivageuaunsnaffaUsenna 20% venNgaiou
fhoghs Tnsmsmenuanitlsianmmeasuazldeiads
NNHANINAFDUABUAIBEIT WU 5 oy

Water
Binder 1% 3% 5% 7% 9% 11%
Content
OPC 1 3 5 7 9 11
33%
OPC:FA 0.5: 0.5 15:15 25:25 35:35 45:45 55:55

wewe : OPC 1 wunedls MyuBuuiduansiendsvan 1%

OPC:FA 1 ynedis Tyuduudiluansiionuszau 0.5% Tauiuinasy 0.5%

q, Namiﬁnmuazaﬁﬂiwwa
4.1 anudwmsalunisyineuld
U 3 uansramsvagouANLENIaluNIg
Fauldmenisivewd wazmsinaiiudeieu il
Aasaegunsal L-Box uaz V-Funnel wudmsnnaeusis
3 3 lvinafiaonndesiufion1sld OPC Sruavdamalipy

ansalunahauldanasiefosazuesiuumaion
Ussanuigeiu Turasdl CLSM Tiande OPCRA uans
wnltdud FA ansnsadsuusinuamnsalunsiiem
Hiduedned [26] Meddusaidosnanauifluanioe
mmﬁazﬁuaauiﬁusuﬁmaﬁa@mm%ﬁaﬁgﬂmﬂLLazé’ﬂwmz
fufndutlafomunu [27) laseyniaves FA Siyunsinau
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duvinlviaeifiuanuaansalunsinaldainnisanuse
deamuszrineymameluvesian [28-29] fil¥an
fififuiiRandendasnsUinuhiigafielmanau
Fumarund Feduniafuiinaumsdoussandaiili
SovarvoaiinaifivdeannagaduvesTauaiiel

700
600 \"\‘_\‘
E 500
8 400 = i S
c
L]
@ 300
(a]
2 200
2 =¢=C =l=C:F
100
0
1% 3% 5% 7% 9% 11%
Binder Ratio
Flow at 50 cm
.80
70
« = C

30

Height Ratio, H,/H,
8

N
o
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\Aanisaulvaanas uazdsuasdenisindeusnvesian
Tnenss witstimndasniafiunuanansalumsyianld
nsuaiaeeliioynafidnainitunifiazaiunsnan
usadavnuszninsansiesussanuiuiasialutanls
Jueeed [20, 30-31]

=¢=C =l=C:F

1% 3% 5% 7% 9%
Binder Ratio

1%

V-Funnel

]

10
0
1% 3% 5% T% 9% 11%
Binder Ratio
L-Box

U 3 wansnaaeunsiug

4.2 NMAISULSIDALNULAY?
NHANISNAADUNUINSNWULAITIVAVDIN U

o '

fag1anilsaearyasa s auUsranuluUSinaiunn wil

= '

flongnisuniieeazuananginssumAiRdusuuUe
(Brittle Material) lngsyurumsiviasiadunuuunniin

o a

TaBeaUTEINN 45 BFNAURINITIU WATUARIANMNGN

Suusegegalaogndniau udlunanduiumniousiege
fUsnuaadenszauiosusiongnsunmnazians
neRnssuMTITRRUUWTed (Ductile Material) Ingfiou
Mg MaTAANIVIARTEUAINRIULBN kAN TUSALY
guilulnfsedistng [32) sUR 4 wanannudusiug
JENINAIAGISURTITARNUAEINUBIYNITUN HANIS
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nageusansliFiuhnstanhdssuiudnifetuegs
sarflos shilifunaidonnnuiiselamsturiliiaa
Ca(OH), aazunndudu Ca™ viwjAzentu CSH uag
CAH lag Ettringite iian15venedidnglnssluguves
Yududiae TnsagflautRiduaadoudszanudon
semeaanty AAN1sUALAZTINMIBANL AULLLUSLIN
g leudashiafmiussidenyszanilusziuiigy
Tnedetuihdmesufundaaiiuieuain Vander
Wall’s Forces floglndfuuaziuszmaaiiiiinain
Ufsemaadl %amwﬁmﬁ%ﬁmmLL%&LmﬂiWLm@mm
Fohliimssuusssadiafiutumuszesnamstuie
[33-35]
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Rachan [36] lAANwIN1SWRILIAGISULSIDALALLFEY
VOIFUYUTLLUAMIENTIATIENNE8lATIAT N
98017 (Scanning Electron Microscopy, SEM) WU3IM13
19 opC TutBmnaiiguandififumsdainizveseyniai
wiunasfiusniliAniussidoundulazanu3ung
IRy gﬂﬁ 5 LAAIAUENNUSTENINAINAISULTION
unuReAU I sdenyszaumuin nsludiaud
Huansifenlszauiivseghaiion (OPC) Thanmassy
ussdnunuAITgnInsdtliyudisudsiuiuiiase
(OPC:FA) wagdlauduiusmsadinmansluguiuuaunis
Tnaluidlea (Polynomial Equation) innuiuaansides
UsganuuagegnIsuy

-l Q1% 3% A5% X 7% % 9% O 1%

CLSM blended with OPC : FA

- =k
™
(=]
=]

1200

==
o
(=]
o

800 -

600 -
400 -
200 -

Unconfined Compressive Strength (kPa)

PaN
v

o

PaN
4

N

\

-

1b 160
Curing Time (Days)

JUN 4 wan1svaaeUAIMAIsuLSISALNULGE?

© 1600 -
g O 1% [13% A 5% X 7% ¥ 9% O 11%
< 1400+ i
© E CLSM blended with OPC
512001
£ 3
2 1000 1
[ o
@ 800 -
E_ -
E 600
(5]
3 400+
£ E
€ + _O
§ 200 : <> 0 /‘> S
=
s 0 t |
1 10 100
Curing Time (Days)
F1600T € Day UCS = 4.2500PC*+11.5820PC+79.81, R=0.998
g F [0 7Day UGS = 6.3140PC%11.3720PC+125.59, R%=0,996
£ 1400F A 1apay ucs = 7.2240PC?+12.3240PC+143.66, R*=0.996
g F % 28Day UCS = 6.3570PC%26.1210PC+144.65, R%=0.995
§ 1200 5
= % 60Day UCS = 4.0020PC*61.6010PC+126.18, R%=0.993
@ 1000
4 800
a
€ 600-
]
E 400+ -
£ g
= 200 e
5 o e .
1 3 11

5 7
Binder (OPC), %

€aNn
=D.

;_«?1600 T € 3pay UCS =-0.386(OPC:FA)*+31.2160PC:FA+12.52, R*=0.978
x [0 7Day UCS = 0.540(OPC:FA)*+37.9210PC:FA+35.028, R*=0.980
‘5’1400 /\ 14Day UCS = 2.571(0PC:FA)*+30.0350PC:FA+71.806, R=0.980
$ 1200 T X 28Day UCS =2.644(OPC:FA)+37.4760PC:FA+74.919, R*=0.981
=

n % 60Day UCS =0.743(OPC:FA)*+71.8470PC:FA+44.746, R?=0.980
pit 4

2 1000

0

2 800

2

E

E 600 -

Q

© -

o 400

E

=

3 4

g 200

£

=] 0" T T T T T T T T d

Binder (OPC:FA), %

UN 5 AnuduiusseninanswaumMasiulsunaansweudsyanu
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1.60 T -
OOPC O OPC:FA A Horpibulsuk(2003) ) Horpibulsuk(2009)
- = 0.2537InD+0.1549, R?=0.997
1.20 -+ [ %% °
% ™ | ay/a,, = 0.2781InD+0.0767, R*=0.999
(=2 ;
~_ 0.80 +
o B
=3 [ - 0,/d,, = 0.294InD+0.002
- A (Horpibulsuk et al.,2009)
0.40
- 0,/9, = 0.281InD+0.0383
: (Horpibulsuk et al.,2009)
0.00 1 1 1 1 - 1 1 1 1 1 | B I | =

10

Curing Time (Days)

JUN 6 msiauMasTunsadnres CLSM weay OPC uag OPC:FA iiguiuengnisus

Tuefnfinuanladnisfnwifeafiunsusuuauda

a

fulagnnsth FA semsaniu OPC e Widaadumsiin
dssudminanniafutures Silica IiuRuBssyili
UFASendrdiuiians (Secondary Reaction) Tuguves
Uit edlvaudafiatuldegisanysal (37-38] us
MNMSENIN Y EYeIRUYUTILLATINY 28 WAy 60 Tu
WU wémﬁm%mﬂﬂﬁﬁ%miam%’uﬁLﬁwﬁuiauagmﬂ
Yudusazidousiaiiriveynadinfunazidnassidn
ety Teusiiufiveudassgniadeudsdures
HanAsaInUgAzewInaT LLﬁﬁuﬁW@ﬂ@HﬂﬂﬂLﬁﬂﬁ@ﬂ
fanadeu Fauandliiiiuin ihassliiinujizeUeele-
autla [39] wara1nn15AN®IYeY Horpibulsuk Lazany
[40] WuAMAITuLIBaLNUAEIveRUY LT ANEN
Lﬁwaaﬂﬁ]zﬁuasﬁuﬂ%mmmw‘ﬁamﬂismu CSH uag CAH
FaRnnuUianas CaOH), Suidunaanufizomand
sevieulisusiuasin Tnedhaosassinliyufundi
Juifududewianisuandieenainduwitliduuin
Bnavdsnalifuiiindmnaiugedu dedudasuids
vilmAsuiRSelawnstuiin daaliu3unn CaloH),

A9UAY SUN 6 HARIANUAURUSTENINNISHAIUIAN

U U
o

&4 (qD/qy;) uag 818n5U (day) \le g, Ae A1Ad
%’ULLiaé’ﬂLmuLﬁmﬁmqmiﬂm D Uaz g, ABMEITULI
SaunuAeaiiengnisu 28 u iildiemuduiusdanan
fANUaaAARDITUNANTSANIAMAITULIITALNLLAE?
maaaugu%muﬁﬁﬂ%mmﬁwqﬂLLazﬁugu%Luuﬁwamﬁwaaﬂ
fauelag Horpibulsuk wazasy [41-43] mMauddu Ay
duusiuiiumsaiuayunanisinmlassadesed
oyMAfidn “Ardeduussdavesiuyuiinmduasiu
YuBwuinaudansasiuegiuufisetlainsdumiiby
Ingufiseenleandaunuaslifivnuimas”

4.3 AYUAUNUSTENINAARULIATIURUY
liszuethiuTugdadavey

SUT 7 wamsmnudiiudseninaanidsiunsedn

wnudefuAlugaadangy (E,) wulmnuduiusmg

AdlanrnansiduluuBadu (Linear Equation) laedian

duseAvBanuideriu (Coefficient of Determination, R)

Wity 0.984 uay 0.964 Mudy uenntulugda
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BAnEUEIENNSOUARIANEURUS UMM TUN TS
douuuulsiszureth (Undrained Shear Strength, S.)
I#lusususzney (Factor, K) Fanuindaroglugas
1.09-2.48 Uag 1.55-2.85 Mbunsdifild OPC uay OPC:FA
\Huasidentszany nuds

NIATITBLAzIAILN 195, UN 43 adui 2 Wwwey - Tguiey 2563

E=KS,
(Binder with OPQ)
E,, = (1.09 to 2.48).S,, (kpa)
(Binder with OPC : FA)
E,, = (1.55 t0 2.85).5,, (kpa)

1500 Ooprc OOPCFA

1600 o)

1400 (o] | Eg, = 1.3012UCS - 36.115, R? =0.934 | 0/
(o) -~

1200 £ O | Eg, = 1.1902UCS - 102.5, R? = 0.964 | g -

1000
800
600
400

200

Modulus of Elasticity, (kPa) x 100

0 -
0 200 400

600

1000

Unconfined Compressive Strength (kPa)

800 1200 1400

JUN 7 anwdniussenindlugdadavguiummifeiuussaunuiien

4.4 wumensldusslavl

CLSM 1utagiamnsnsauiulddeios
annsalfiduiagoundunadentnilusuneassldigu
THduiagmaunumaeausumdslassainsdsisanussnu
wazsiuun1suasn wien1slilutaqmaunuduaumdsnis
NaveluszuvassyUlan anndureuninewsng (ACH
gl ieuvestaguiaiinduanididstuussdn
tounimFewiniu 8 3Mpa flengnisuy 28 $u mslda
luRsufsuetosniviewinfu 2. 1Mpa iiellueunen
anwnsayaeenlamniinruduu ulinisld opC sauiu
FA aglaidn UCS i usanansaiimunidlsifivsme
faANAEINTLENUINLNINTEIN CLSM ACI 229R (ACH,

1999) IagnuinnIsld OPC 1%, OPC:FA 1% Way OPC:FA
3% aglsiin UCS fndn 0.3Mpa witelanansayneenls
TnensldiaTesjuussmnaidndy e deou dwnsld
OPC 3%, 5%, 7% Wag OPC:FA 5%, 7%, 9% aglua1 UCS
fin 0.7Mpa Tneendslutsiiasidunsendenisya
wasugheuazsndusodldindesdnsnasanlunsiey
Ingdiunay OPC 9%, 11% waz OPCFA 11% aglvia
ﬁwé’aﬁﬁawﬁwqammmmsamﬁ‘umuﬂizanﬁhjﬁaqmﬁm

€

anpaniunenad Wngaunsaasulanawandunisiai 4

q q

PR

v
o

Snvdanansnnudonlesmanismagauilassuiisuiu
AudNBaLNITUNmNYesAuluan METINYR 1HeN1s
TdUsloviludnuaisvo93mNssUgINIINGNME
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CRRIL LFY . . .
AMAN WU ULAYY UCS o0, (Mpa) A EM150TUNTUA
Uszau ! !
. OPC AUTEIDAF MUY 0.1-0.2 LASBILBLUN
1/0 a R 1 - A
OPC:FA  @AunflgnsnmkuuuIunais 0.05 - 0.1 LASDIIaLUN
. OPC AUMTEIDAMAILUULNN 0.2-04 LASBILBLU/LASBIINTNE
3/0 a o W ' a = a o
OPC:FA AULNREIDARILUULN 0.2-0.4 LASDILBLUN/LASRIINTNA
OPC funileiuda > 0.4 ERNGIG
5% a =l % - 1 Q‘ = 4‘ %
OPC:FA AULNTNEIDAR UL 0.2-0.4 LASDILBLUN/LASDIINTNA
OPC fumnileuda > 0.4
7% = =3
OPC:FA AULNULILLTS >0.4
OPC Auwmieauda > 0.4 ..
9% — WASDITNNA
OPC:FA AULNLY LTS > 0.4
OPC fundednds > 0.4
11% . B
OPC:FA AULATLY LTS > 0.4

4.5 YALAULATHNANTENULTIUINYBY CLSM

ANNINAUYV

CLSM fidaudsznouvdnde wnasm a1sdeu
Ussanu wavih Wuanfifleuangulumsesnuuugs
fetidiolsiansonauausstonslémulfmutagusvasd
N5l CLSM aunuianaunauIzyduanutsenseyinge
Tnseassleiduedei Chuangching [44] ldAnwwgAnssu
suidwesiesldfunasmunadufianiedFiasz
Tnlluiddud nsdléTanaunduiuumarnnidiaosd
ShsndrunanLAze1gSUNTILANsAUNALLALM
FaduTagoundunuuismuin nsliidnassimaniiutan
aunduanusaanusInssyinnevieadliuiniaiosay 22
fedenndesiuNaN AN Y94 Janardhanam wagani [9]
wazannsaanluausFafiRatufuiunaduinlfsse
Souay 14-64

gaavNIIURUIINUNSEefegUssmelnelaseyly
SUVR9AENMNTTUUAILIAUYTD NTTUIUNTHERILARLEN
nnzduiidueyniausiuriseziiviinaliunnin
Ffufunafinusndeveandeiiinninnszuiunisdauen
FaFendn mnAuemiiivinasnninfesar 70 Tne
aonuusznaunsaznaaiuliluiilashliAamstlnszae
Andusafivnseniadefiufitiuies
n1sdININAuYINIYTEyne L ludiunan CLSM
naununaTdsdunsihfaqudeldainnszuiunis
nmagaavnssuliinUssleviwasdaanunsotisandym
yaduAanndonldBnms Snedandunisdaadunis
i TanlumAmnssuiidenndestuiiunuesszme
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5. d@sUunanisAne

MsAn® CLSM annninauealagly OPC wag OPC:FA
Juansioudszau wanslidudnudululalunis
Twtagilulasinisneatns lnsannsoaguuanisfine
Idudssdiusneg fesoluil

1. MNAWIENSNIEEMveteuNIAluY 4.75
0.075mm JAIAUEWINNINNY (GS) 2.50 lawdl
asrUsENaUNANMINALFe F81 (S) wazegiiui (AL
HANTIATIEAlATIEIanIANUIT SsUnsmany
wasuBuAnanmITfeseyALUULHLT AN vy
AAENARTIUTBY

2. Jan CLSM annndwrnluaniizmaiuddnuae
NINeAINaziANdY nilanaglaau nslgaaeey
SaduyuBisusiilfenuansolunmsvhemildiiudy
WuReiuianUsslanaounin

3. CLSM 31nMnAu@dnsanaufadlamiieans
semufeIn1siumudefvuavesTanaAIuANAIN
ﬁwmmmmgm ACI 229R (ACI, 1999) IaegnuinnsLy
OPC 1%, OPC:FA 1% uag 3% MAINaISULIIDAWNIY
W1 0.3Mpa ileliasnsayeeenldlusuinndie
w3eafiown nsld OPC 3%, 5%, 7% waz OPC:FA 5%,
7%, 9% azlveniisnngi 0.7Mpa Fudurisvermaasu
usadaunuienfidealdy

6. NARNSIUUITZNA
muteatuliAnnneussiuiaginingrannssu
wldliAauslevinmeldneluladiiugiu Taeldsums
ATUAYUAINATINNUANEATINNTNNTIVEUMYIR (39.)
LAz INeNduuigensand natuayusuUszanm
Tunsviide Tsssdnnseualniiugdung Jwmiad U wae
Tssusnusiumiilinnueyeszidassuaznniuyn
dmiumsfnuinaealasens
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Harvest planning of various vegetables in response to consumer demand
is a complex decision making process that may cause difficulties to
farmers. This is due to the fact that several factors are related to vegetable
plantations such as the growing period, starting and ending times for
harvesting as well as harvested volume. A farmer usually plans the
vegetable harvesting with his own experience without using any tool for
effective planning, resulting in turn in the losses of sales opportunity.
To alleviate such a problem, mixed-Integer linear programming (MILP)
model has been developed to use as a decision supporting tool for
harvest planning and to minimize the total cost. The results showed
that the total cost from using the MILP model had reduced by 43.43%
compared with that incurred by farmer’s own operations.
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This paper reports the investigation on postbuckling behavior of a variable-
arc-length elastica connected with a rotational spring joint where three
types of the spring joint (i.e., linear elastic, bilinear elastic, and elastic-
plastic) were considered. One end of the elastica was attached on the
hinged joint while the remote end was placed on the horizontal slider
support. The rotational spring joint was located at a given distance apart
from the hinged joint. Compression force was exerted at the horizontal
slider support to push the arc-length into the system; the postbuckling
behavior was then observed. A set of governing differential equations
were obtained from the equilibrium equations, moment-curvature relation
and geometric relations. Since this problem is a two-point boundary value
problem, the shooting method was employed in this study. Numerical
integration (i.e., Runge-Kutta method) was performed so that the boundary
conditions were satisfied. It was found that the elastica became unstable
after buckling and, after yielding of the spring joint, the compression might
drop suddenly, depending on the ratio of the stiffness, » =k, / k. The
elastica could turn into stable equilibrium for an interval of total arc-
length. Moreover, reverse rotation of the spring joint could occur,
representing another interesting aspect of the problem.
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vsunduF Uy UNduMeaRiuavesaUTsiiviafy
afvkualuisusnde & Faduldhiwgdnssufiuansis
MnnsivesaUTudadugAslun1sryunauAuYeaUse
wm'wﬁmsLU?sJuLLanammawﬁwﬁaaLﬁaamﬂaiﬁa
fenafviuaiigety uazdemmmatvinlihuinussyn P
sttty

N

Elastic-Plastic

a) a=0.25k =10 duivfenmslishlugidangudady duussRenisinsilutdnneudadug

duuszgadunislisifioaUimunduiuluyisdaradin-naiasin

U1 10 JUshsamunaves Elastica

U

q
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Linear Elastic

Bilinear Elastic

Y Elastic-Plastic

b) a=0.75,k =10 duilvAensinsludidangudady duussAenisinsinlugdaneududue

duuszgadunslisidioaUsamunaduiulutidarain-waiadin

@=025% =10k =0

IA,9| =1.066 |a8|=1.767

1
Bo=0  |ag=0127
A
1 2 3

|A8|=1.037 |ag|=0.118
g & A
4| 5 6
| -
| Lol

Reverse rotation

C) WAAIMLUNAUAUYBIAUTIUUNITYY

SUT 10 §US1samnaved Elastica (o)

4. a3una

MsAnwINgRANTILYes Elastica MdaU3eiuyunis
suegnielutinNe19e9 Elastica Tuumemwilldld
BNIAUIUTIALAYAIIS Shooting Method Taenis

(<))

winsnszuvaunseyusasaunaulym aenades

(3

URoulveuaiimvuatu InefinsuusiusiuUsidAty

' a

8 AaAvlua wasiuvisasauswnumunisvyu lag

L D D

' a

fenafluavesaUswhumumvyulignitaediaenades
fungAnssunsvyuvesausduauguuuude 1) wuu
gamguiliadu 2) uuuBavduiliadug uwag 3) Luudanadn-
wanafin Seanunsnasunaliweil

1. Tuausnudanislianie Elastica faunaiily
wdesnmlunnnsdl

2. AENEINISAANIIATINYBIAUTIITUNIUNTVYY
shutinusn P fidftanas (feufunsdidaney
Fad) luvmziiug A0 Svundifissnniu
\esnnAnafviuaiianas uaznsanasestimvin
vssn P (maiuduvesus [A6]) asdunnld
Fnausntudeafmuandsnisasniadugus
(k, = 0)

3. RNNSUUsHUAYednTIE # 210 1890 wuh
TuynsumisvesauSsumummviu  Inginssu
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fingnendsiu nanfelinsanasmesiuinussn

P movdsmsann (Sleifisuiunsdifiauiednumy

nsvyudunuuBanguidadu) uide r=0

(k, = 0) avanunsodunangnssulidaiauiian

0. afviualudiadudu & Suadeshminussn
nge P, (uRedfudwiisuesduzisuniuy
ML) waznevaimsliaazaainug k,
fannningu &, =100 %ﬁﬁmﬂﬂmqmn P iigs
nhnsdifl k fides wazidlesanadvliuaiiay
awvhlvienvassy [Ag] Taiimas

5. wdsnsasnifloaUisinunumsyuiduuuy
Bamguiadug viseuuuBaaiin-wanadin enany
Snvuvannaiiiedosnnldlugiadug Feannse
dunaliaaudle =0

6. NMsvLUNUAUYRIaUSwUmMUNITyUlunsdl
YIAUTIUNIUNTUYURVUBATARN-NAERN
awlsdwiinussndanfiinnniinsdvesass
Frumunsguiuudadug Suilosandn
aRviwafinduniumaniualuzissudu
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Article Info Abstract
Article History: The objective of this study was to develop the cotton fabric dyeing process
Received: March 15, 2019 using Monascus spp. A mordant, i.e., aluminum potassium sulphate, was used
Revised: May 8, 2020 to dye fabric via the use of the meta-mordanting procedures. The color fastness
Accepted: June 10, 2020 to washing, water, perspiration and light of the dyed samples was determined
according to the AATCC test methods. The UV-protection properties of the
Keywords: dyed fabrics were investigated via transmittance measurement using the
Monascus spp. / calculated ultraviolet protection factor. Chemical functional groups of the dyes
Natural Dye / were characterized via Fourier-transform infrared spectroscopy. Antibacterial
Color Fastness / Cotton activity of the dyed fabrics was confirmed by exposing the samples to

Staphylococcus aureus and Escherichia coli. The results showed that the
fabrics dyed with Monascus spp. and mordanted with alum to pH 7 reduced
the number of viable organisms by 69% and 97%, respectively, within 2 hours.
Cotton fabrics dyed with Monascus spp. exhibited a shade of brown, while
those mordanted with alum exhibited a red brown color shade. Color fastness
to washing, perspiration, water and light was noted to be at fair to good level.
The UV protection characteristics of the dyed samples were excellent.
Monascus spp. contains citrinin, which exhibits antibacterial properties.
Monascus spp. dye therefore has a potential to serve as a functional dye and
be a part of the cotton dyeing natural colourant system.
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[2] vaensldunmdendinuudng (3] Hudu sausiedann
sruneiin Tiunaule fe #91n51917um4 (red yeast rice)
\Huanslidunsiignihanldusslavdedrmarnvans 1Hidu
AnanomstulseneRuaniuiud Jagluinineneans
IAnwidosaeiuiil auasnsondafieliusslovil
TusedugnamnssuuwarUszgndlfiduen osniiqud
Fusyyadasy anrasisampIen uardusadouuafity
sty sviniifudonaeiug Monascus purpureus
s¥nuaainannsmndnidstiesdiiuns Wesias
Wwigiulauud geaduarainsansdosnu dv0991
Prunaduasseneudsdeuiifiesdusenaumandiili
d 6 viln fie anslviddy slusiumiiu (Rubropunctatine)
Tuuanaguu (Monascorubrine) slusiumiilu (Rubro-
punctamine) Tuu1aAa3uUIIHY (Monascorubramine)
asliaundes Ae Tuwadu (Monascine) wazsunimaniu
(Ankaflavine) sensillvumsiifurnudiasnmisvasnanags
#io luunana3us1iu (Monascorubramine) [4] wsiilasann
aildnsssurafinnueramuddenisdn d1aviewnie
Hounhdduasedt yuiseddnvifinussavsameny
AINUYBIAMBANITIBAAE (Mordant) sinee) W3sasazay
Tavie lown AoUasdaimn (Cuso,) nesadawn (FeSO,)
Faadaim (Znso,) ludeudainm (Na,SO,) waz uiniidew-
Fan (MgSO,) [3] 1usu FeanmnsnifinanuamuYesd
afinnsssueild uenanil Seilmaiannddousssuni
Tiautfsneg ity Fafinsfnwinisufedyiann
psoingiisianuenedulutag 200-400 nm Aduang
TiRnfwywdiinnsindeauen [Wuih wis n§1u finsey
gy wazenviiAnuzsRomisld Seladevileiing
sansiusedgTlus fie ansiailuazansifiy wavdvedr
thues 15) defuiidedalinnualaegiibefiaznunis
feaufihedeafiatndesdnun dWefnwautinns
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2. IQUILEIAYRINTITY
1. Wefnwmsiudedgivesirihedeusendnoung
fususeefitouseiu
2. lefnwenuamuvesdininedeusesiiuag
i

3. Wa@nwn1sgudauaisgvasininedaunies

Y1IWAS

3. A NHUN5IY

eudrethdatnainsidoung Wsrdauaesita
anewus IFRPD 4046 Fsa1naniddedirinuanlawuiili
U3snauansAunageantia 222 1e/100 n3u setuinusia
(6] Funsndnvinmnuazeniniinerun 50x50 uiuas
fronsdnrlonudannliuis emanasuliulazd
anusn msanad@ilalaeiisndniues 1 nsu Wiuasly
L@NUeA (99.9%, J.T. Baker, PA, USA) A3 1Ty 70
Wedidud Usunns 250 Tadans Tudindu waznnu 1 $9lu
winsenfiuthanadinle foufnthendouanstieing ne
vihiheundenluinausinms 250 fadans wazansdy
Tugnsrauvesenstaeing 0.44 n3a fevind 250 fadans
flgaumgil 50°C 1unan 10 wiit whadiugamgilidu 90°C
Wunan 60 wnil

nsUsuArAudunsa-a1e vesinavinlddense
lalnsmansn (36.5-38%HCL, J.T. Baker, PA, USA) %38
Tinelansenlan (98%NaOH, Loba Chemie, Mumbai,
India) Ing@nwnAfies 3, 7 way 10 ﬁmé?auﬁwﬁwﬁqmmﬁ
90°C \uran 1 Falus ndsnmndnliusis nageuay
AULRsaronisTn wite 11 uazuas wazdnsBany
mmgmm’mmwuﬁmummgmmaauéma fia AATCC
Test Method 61-2010, AATCC TM 15:2009, AATCC Test
Method 107-2009 iag AATCC TM 16: 2004 OPTION 3
ANAIAY
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4. nsnaasuantAvaIdedoud

ihdtnefiensudusazvasusuamudunsasg
FensasinAfivey U ad12, Adwa (Szeged, Hungary)
Garfonhdidususiiu 4.3 melesesingilaidy
V]’]dLﬂﬁﬂjmﬁ?ﬂ?ﬂgamﬁﬁ’lEJLﬂ%@ﬁﬂL%ﬂ%ﬂiﬁuW@%ﬁJ@uWi’]—
wnaUnlnsiinas (Fourier Transform Infrared Spectro-
meter) 3u Vertex70, Bruker (MA, USA) inailn KBr Pellet
MInAdoUANUAUMUTIFL TuazANITaRBULAT Fg
Lﬂ%‘lm’?ﬂﬁ’m’liﬂﬂﬂauum (UV-vis Spectrophotometer)
Sq'u Genesys 10s, Thermo Scientific (MA, USA) a1y
11M3FIU (AATCC Test Method 183-2004) uagauien
nsiueded 12 naunisi (1)

YE,S,A,
UPF = 22— )

m
%‘;EﬂTﬂslAl
\lo: £1 fie AandusedidnansenusoRmlaywd
S A9 ANUINLALTAUNASUBISIEMINTRg T AD
AnnsdesruveuasuTufegiansadAsERlE
waz Az fe AnueMAAUTlevagey (nm)

=

FaA1 UPF 9gusuanmuaunsabunistasiussde?

Y
=

vaviandve uaslUSeuiisuivinnsgunsdesiuiede]
UPF [2] dwsunansnaasunisinuisdeilaldietig
MamUA 5 fogns

4.1 msvegeumstiudaiauuniise

nsnadevaLTAnsfuSwuaTiSsasnaaeuiv
wuATiiSe 2 viin Av wASLUIN A Staphylococcus aureus
(S. aureus) wag WNIUAY v Escherichaia coli (E. coli)
TnoSuduihideuuniiseldluvasanaassiidonmsivan
Tryticase soy broth (Difco, PA, USA) U319 4 {iadans
Wi 37°C Wunan 24 $alus wimnduiuidouun-
AseUsung 1 Nadans adlu 0.85 wWosidud ludey-
Aaslse (NaCl, Ajax Finechem, New South Wales,
Australia) Tuthndu Usinms 9 fiadans Tngld3ansiieans

a

Fog19TBL5UAY BNTHUTIUILIAUNSE (Serial dilution

9

method) ddafanan? 0.1 Jadans nuauueINIswIa
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dmsuide £ coli 9819013 MacConkey agar (Difco,
PA, USA) @i S. aureus aldo1ms Nutrient agar
(Difco, PA, USA) Tnldinalla Spread plate wd139914
Sruudslsiogluta 30-300 Teladl vdsanganududu
voudosuiuds fhderildlussedliiimnududude
Uszana 10° Talatiseladang wdamaaoumuuInsgy
nageunsdudiuuaiiovedme Ao AATCC Test
Method 100-2004 MIAUINBATINTANABIUATILSE
(% Disinfection) feaun1s#l (2)

N
= —x100% (2)
N

0

% Disinfection
Wia N, Ao Iwiutiesudu 10° talallvaliadans uay
N A8 WU M A mndau laladneladans

5. HAN15IY
5.1 M3fnuiede?

Nan15vaay UPF ﬁqgﬂﬁ 1(n) wunendedau
Fru9uasfiusuA e viasnauasduazian UPF
20y uasinfhedoudednuniiiusudnfios 7 uay
asdudl A1 UPF gegndia 76 Tuvasindedousies
19um9 (P) dA1 UPF 1iigd 20 asanay ﬁqg‘uﬁ 1 (n) 39
Han1svaaRUAIInmasNIiuTdeTluseAuyie 40-50
Aanana wansdenuasnsalunstesiusdsansilalean
figean wan1snedeuAIMIdosBiuLAaITe (UVA)
Adutdsunsie liiAnsesdu Saseuneuts vhane
Fuloreanaunazinniue wavvildiAniidunuiiy
wuEdeussnamiirnisdemiusainngi 5 wWesiius
Tunngns Jadulunuumsgiuglsy (The European
Standard for Sun Protective Clothing) kagu1nsg1LIY
(The Chinese National standard GB/T18830-2002) fi®
ﬁnﬁmmmﬁm%’aﬁqﬁlﬁﬁ 2, 7] msil¥ansduduansaae
AndvilsirnisiusdyTlandy idesmnansdudinguleoay
suaﬂawﬁmmmﬁmmu%’ﬁﬁqﬂﬁ vananilagundis
I1unaazUseneulunlgansivdnansd fe du uag wades
Feusunaanslidartuiuaievveans Tngluraiitey
6-7 TiMunszsAnaslFEuAAaTuINTiaR Seanslst
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JUN 1 n) mesussdgiuasanuagdinihedoumesdiinag fe (1) 91919uA9 91 (A) Aoy 3 (1) 7Tuae (3) 10 waz

() Aihedaumesidnuniazansdun (o) Mot 3 (@) 7 uaz (1) 10

duaslannsaganfuuasiingeulugae 400-500 nm
Aagui 1(n) [8]

5.2 SNUUENINNIEATNUAZANAINUYDIE
anuauzdniliannIsuesmenUauanwisy

1 () awwaulgnndendousmesdnundianvuy

N =)

maunsnasiniefidoumesdnunsiviumies
3, 7 wag 10 thiheaeilEhmaunady deldansdundy
ansteindaviuldiniihefadimaunaduninlald
AR

NANSVAFEUANLAWILYDERENST Wite wasth
lngiigaugnsingg dnmaududiviindeg waggns
anfnvasELEnst I 1 wuidnihedeusesdniuas
naansduivwliudaanuaamudanindieldld e

a1 U a 2 v A
AMUAINUYDIEFNBNTINFUNTUASULU AL NUBBAULN DU

nedaunala (52AU 3.5-4.0) warnISANRARNIY1IANTDE
(526U 3.5-4.5) mmmmwuaa%'ﬁiamﬁ’éaq‘lmzﬁuﬁlﬂ?{au-
wlasdntley (SzAU 3.5-0.0) waganfnfnvInedunals
Entiey (Sedu 3.0-4.0) MAAMUYEsEsoth wuina
Wasuwaadntesauiovdasuulamedanals (szeu
3.5-4.0) wazAnAnEv N A lMAnTTae

NANSVAABUATIATIURDIAIAdBUT 20-40 FaTa
WAnIRIm51 3 wuadndnefideudaesduneiily
ansduiinsandndtasninluseaunedunale (SeAu 2.5
3.0) Tuwaseidniheldasdudasdilasuuaseudig
170 (5¥AU 1.5) nswasuLawesETiRntuiue a9y
Aindunnmsuandvedluanaluddoundulensenda
meldanmznmaaeuluasazansfilumildnsdnnon
Tumsmaaeu [9] uagn1saanemvesarsuseneuluddeu
[10]
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A15197 1 ANUAINUUBIERBNISEN ABLVidaLAYABLN

AMUAINUVBIT
NANTINARNDY . — — —
@an1ITn faLnla @aiin
" g | g | . 8
< ~ c c ~ - c ~ -
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mIgaurdng sl e R +
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r T r T r T
[oN [oX o
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FANAAKI21 (AL
Knasdiaa (Acetate) 35|40 | 35 | 40| 40| 35|30/ 35|35
W1HN8 (Cotton) 45| 35| 35 | 35| 35| 35| 35| 35| 40
¥ luaan (Nylon) 35| 40| 40 | 30|35 |35|35|35] 40
NAHNe (Silk) 40 | 40 | 40 | 30| 35| 35| 35| 35| 4.0
HNA8AaELTHBY (Viscose
35 | 4.0 3.5 351 35| 35| 35| 35| 35
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Fhauda’ (Wool) 35| 35| 35 | 35|35 | 35| 35|45 | 35

AN5199 2 ANUAINUIBIARDNITTN ABLVBLAT ALY

ANMUAINUVBIRGBUEY | WANITNARDY
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z s
= N [
% o - 1l @
msdenrnie e
AF o N~

— 1
w T
o
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20 12139 15 | 15 | 3.0
40 17139 15 | 15 | 2.5
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5.3 nstudauuaiiSe
;;uﬁ 2 wanmamsnegevaNTRnsiudadauun-
738 S. aureus wag E. coli WaZNAN1SNAFBUIDULIALA
(Clear zone) VR NdoUEINTIVILAILALAITEUUTUAN
fliew 7 faguit 2 (n) war (v) wuidlenanruly 30 w
waz 2 dalus fhihedousdruasildasduduansiae
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This research studied the compression of filter cake, which is a by-product
from the sugar industry, into pellet form of solid fuel. The effects of
compression pressure, pellet diameter as well as temperature and time
of torrefaction were investigated. The results showed that solid fuel in the
pellet form had higher heating value than the original form. The minimum
pressure for forming pellets with the diameter and height of 1 cm was
30 bar, whereas the pellets with a larger diameter (1.5 cm) with the same
height needed a higher pressure (40 bar). At the same pellet diameter,
increasing the compression pressure resulted in the solid fuel pellets
with higher heating value, pellet density, moisture and ash contents.
Torrefaction at 250 and 300°C for 0.5-2 h yielded the samples with
higher heating values (21,689-22,642 kJ/kg) when compared with the
values belonging to the original sample (13,954 kJ/kg). On the contrary,
density of the pellets decreased from 0.72 g/cm’ to 0.48-0.89 g/cm’.
Increased torrefaction temperature and time increased the heating value
but decreased the pellet density.
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Smidindogns sl fdowmdsiiiimutouiingetu Inof
vnadurugudnanseasiniea iy weiiunnusily
nsdndinazldmanudougetu esmnnafiueiu
suapiilieyniavesingiuiiogluvdendnidnegaiu
sy Fsassouisusinaingivaduluudensauials
datuitelfanugeoadadiauindy fedy Wouiina

o

T9AuTuINTY ANPNNSIUTILANALATY wazAY

9 U
v A

Fudeatu demnaduiugudnanseadadaniuiy
avamnsaldfagAvaduluufensmidaldifudu danu
Soudafienifingetuseuiu ledemaadinainnn
nilansedlpauiiA1nuTousgsening 13,954-18,995
ki/kg Bamusnsansgrundadusignamnssuio
wastanadndia (2] fvualidn drerufousende-

wasnasadininsasssuaniiailldtieendn 14,600 ki/kg
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a

drunsnannngalianlitosndi 16,700 kizkg Faths nn
wilensadlraudnfindsfiiamuseuiulumusnsgiu

VimumﬁumuqusﬂnmwmLﬁmﬁmﬁ’u wAAuAUlY
m’sé’mqﬂﬁﬁu wazfinnuslunssadienty uivuady
rugusnansendingatu manuFuiuu gy
Lﬁﬂﬁaa \osmnidetinaingivilldaduluudensain
Wty mmﬁnumEﬂ,mmmuﬂamuL%ﬂiﬂiuuaanﬁ]qwﬂw
mwmuimaiammmemmfau mmmmaummaaaﬁma
mstiua e USinandilofiurnusuuasiivuundy
Hugudnansvesdinldiguiu lnenndensedlaaudadn
fsnueuduegssinedosas 3.45-4.51 Taswiin
Tngmusanasgunansusigeanssudomdsinng
Soudia (2] fvualiin Aeudureatemasdnasagin
ﬁy’amﬁmﬁiimmLLazLﬂim@mmwgq fanlaiAuninfesay
10 westhmin Futemdssadinildainauiseiien
Arudumniiiasgiusisua egidlsfinn o
saulailafuiinaninaeutnegs fideaglsmunmanns
vidiiedulvldussleniunuideseluluewan Wy
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@

iluldludevizeiu Thduigadu vise dlulduayly
Flowediwes Tnsludewiu Fideldvinmsiamesiant
swsuvesimensgadularsmedulialulnsioud
9agfi-196°C wud ihilinanideundssndinilad
swu ety nevasthluliusslomiidusnady dos
USuussand® wu msldnsandeldiva Wudiu
dwmiurmmmnutuvesdia Avuaveasiawiniy
matiumFuliammSi gty S
wmnwiwesdindnnaldannishuavesdaumsie
Vinasveadin deiildnadnlundain nsifinaanudu
annsauiuUnaiagauasiuluuSondadeldifutu
Wity wiviinassaiiduidesnuuavouds
Wi Fedu anusuuiulelianiiugatu daufianudy
Weatu Wevwaduihugudnasveadadaiiugedu
Anavuuuvesiadiianas esonlsiifivsuvuo
vesTmgavilaadivluvdondadinfiutu Vinasveadia
Afugauduiu lnodomassaidaanninuionsedaan
fidnanuvuuiuvesdinegsening 0.48-0.89 ¢/cm’

M54 1 audAinademasazautinienienmusInInusensaslraudagin

ABE ANANNTOW AMNTU Fa) ANNRU UV DI A
(g/cm®) (kJ/kg) (Wt%) (Wt%) (g/cm®)
lailddada 11,197 3.45 37.15 -
Lﬁumuquﬁ‘ﬂma 1
LIWGALNAT
30 ‘]J’Tés 13,954 3.45 40.08 0.72
40 ‘]J’]itr 14,149 3.47 40.10 0.77
50 11§ 14,468 3.64 40.16 0.89
Lﬁumuquﬁﬂma 15
LIWGALNAT
40 LI’]‘S‘ 18,763 4.43 41.32 0.48
50 1J’]‘:4E 18,995 4.51 42.92 0.52
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3.3 Na'ﬂmqmwgﬁLLazL’Jaﬂ‘lun'liVIa%LLWﬂ%"u
LﬁaﬁwﬁaadwﬁmLﬁmmml,é’ur;hugméﬂmq 1
WURLIAT AINAU 30 U5 mvﬁmamaﬁvﬂa%uﬁqmmqﬁ
250 waz 300°C {unan 0.5 1 1.5 waz 2 dlug sudsu
wdwhmsdanaseteiildmenUainendanisnes-
wlady wuin eehaEduty wardanegysne wiy Ll
waniin Taeansnedl 2 uansAnnnusouaAmIMuILLY
voufinfeteiidunsnesunatuiisuiutourines-
wlady wuin msvimesurladuilidomasadaiian
Audeugetuann lnsfigamgilunavesunaduienty
deunartlunsmesuiedy axldifemasndaiiden
mm%amﬁum%u Lwiamﬁuaﬁuhjmﬂ wazfinanlunis
noTurAtuRy L:uaL'wmammﬂumwaﬂlﬁd%umu
lmmaL‘wmammeummmsauL‘wmawumunu wazidlo
WigufsuaanuSeuvesninuiansesdniianesing
(21,689-22,642 kJ/kg) fudomassadianeslidannmu
edug wui ﬁmqﬂﬂ'jwL%@Lwaqé“ml,ﬁmwa%lwmwﬂmq
41a78 (18,800 kl/kg) [6]
\Aoumdssnidiameslaldanlsiaumans (21,380-27,100 kJ/

TagdlArANuSeuigumnny
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ke) [7] Taeunauseniliiieuduasliiioseu (20,180-
25,500 kJ/kg) [7] ldfau (19,870-23,170 kl/kg) [8] il
M19Y3 (18,000-22,350 ki/kg) [8 8] wazldau Scots (20,420~
26,340 ki/kg) [9] et nnudfensesdaduvesdean
Tsanugaanmnssy Jedidnennitaghluldiduingdu
sl dundanuidomas
dumauuiureandin wui Wevihmesuradu
slsdinidemdsdiamaumuuiuanas Ineulorfugamgd
(Lafefu) wazdiivan (@aumilifig i) ANUVUIMIY
YaafinvziiAanas %amﬂﬂ'mqmwgﬁLLazLﬁmaﬂumﬁ
vmesunaty shliminvesshedeiiianas Wesan
LﬁmmiqzyLﬁsjmiﬁmmmizLmiéﬂusziaaqmmﬁﬁ (A9
LLﬂm‘Lumwwmsﬁmaﬁ’mnm’m%@ugﬂﬁ 1) Fsanaunns
msmArausLuveaiinfiiinaveadinumssae
Usinmsveada dlomsvesuladulallavilausumsues
WinBsuntas 3o wuaveudindsnvingy lifins
vamvesegaiguglildlunmesunady it \dle
dainvesinetsiAanas AAumuududdidiana

a13197 2 audfivesdeimddndaiiinunssuiunismesunatuioamaiuagiiaisiag

qm%qﬁ 1IN ﬁ']ﬂ'l']u%/a% ﬂ'l']uﬁu’]LLuu"llﬂﬂLﬁﬂ
(°C) @alw9) (kJ/kg) (g/em?)
la'levinnaSunadu 13,954 0.72
0.5 21,689 0.71
1 22,110 0.69
250
15 22,246 0.69
2 22,583 0.67
0.5 22,338 0.52
1 22,351 0.51
300
15 22,421 0.51
2 22,642 0.44
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4. d3una

dlethnnulionsednaudadundndausinasslsan
nsEUILNSKAAta Lvnssadnitelfiludomas
uls wud1 Wewdedaidndlddidanuteugenineu
Lilgsauda deumnumlunisnda sgl@idomadil
Apudeu ManuruLre e ALty wazUIiw
N Lﬁuqﬁu waziiothiemasadinluvinsveSunady
flgaumgil 250 wag 300°C 1WuAN 0.5 1 1.5 way 2 il
W'Ud%ﬁmL%yaLwaqﬁiﬁwé’qmswﬁwalﬂ%"uﬁﬂ'wmm%auqﬁu
Mndademaneunisimesunady Tnodnuwasma
menmweadadaviiowdy Wesaidduguvindy 39
Q@umgﬁLLasna'ﬂ,umiwa’%LLWﬂSﬁ"uﬁma@iammm%@wm
daidemadilafioadnios nanie LﬁaLﬁuqmuqﬁLLaz
walunsnesuady vhldmanudouressetiedien
Lﬁmgqﬁu Fathu mﬂ%@mmﬁsﬁ"ﬂ (250°C) wagnalunis
nosunatution (0.5 99lue) Feflarumnzan wsevily
Ussudandsau mansionsedlnaudsiimsaudiaziian
Huudendany fedadunafugaalituianmaold
L5991
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