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An Experimental Study of Solar Panel Efficiency with Water
Cooling
Yuttana Sriudom* Anurat Tewata Sangkom Sapso and Niwat Pratumchai

Faculty of Engineering, University Rajamangala University of Technology Lanna Tak

41/1 Moo. 7, Paholayothin Road, Mai Ngam, Muang, Tak, 63000

Received 19 June 2020; Revised 30 November 2020; Accepted 17 February 2021

Abstract

This research aimed to experimentally study of solar panel efficiency with water cooling.
Three mono-crystalline solar panels with the capacity of 80 W (for each panel) were used for this
test. The first panel was a solar panel without water cooling. The second panel was a panel with
water spray cooling. The last panel was a solar panel with water drop cooling. The cooling water
flow rate was varied to 50, 75 and 100 LPH. From the test, it was found that the temperatures of all
solar panels had the similar trends. The solar panel efficiency decreased when the temperature of
solar panel increases. The solar panel efficiency increased when the cooling water flow rate was
increased for both of water spray cooling and water drop cooling. For all water cooling flow rates
the water spray cooling solar panel performed higher efficiency than water drop cooling solar
panel. The highest solar panel efficiency in this test occurred when the water spray cooling flow

rate of 100 LPH.

Keywords : Cooling; Experimental; Solar Cell Module; Water
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Abstract

Direct thermal decomposition mercury analysis is an efficient technique for determination of
mercury in facial whitening creams. The analysis can be performed without any sample preparation.
The samples can be weighed and placed directly into the analyzer. Thus, there is no chemical waste
produced in sample preparation. The time and energy used in sample digestion are saved as well.
The calibration curve between mercury absorbance in terms of peak height and weight of standard
mercury in the range of 0.1-10 ng was created. The calibration curve was linear followed the equation
y=2.003x10 ?X- 5.14x10" with coefficient of determination (R?) 0.9991. The precision in term of
repeatability were 14% and 5.9% rsd (n=3) at 1.2 and 868 g kg, respectively. The recoveries were
between 88-110%. The detection limit (LOD) was 0.1 ug kg™ (3sd/m, n=10). The amount of mercury
detected in 12 whitening cream samples sold in Chonburi province during the year 2019 were within
the safety standard permitted in general cosmetics under the notification of the Ministry of Public,

except two samples were over the permitted standard.

Keywords : Facial Whitening Cream; Mercury; Amalgam; Direct Thermal Decomposition Mercury

Analysis

* Corresponding Author. Tel.: +66 3810 3111, E-mail Address: napa@buu.ac.th



16 2155153V INIUSL IV ums.wszuas TN 15 aduil 2 nsngIAu-su21AN 2564

1. unun

Asunt1v1a wieasundila dadu
wisosdresiiiduieniuunndmsuindaieldn

Tunthlvvnilaniudenrsy Usenmdussdlsznau

< a

pilafgnanasuldaslumsuniinei Ineusenagld

Y

v
LY ) o

gudenrsinauveseulvdlnlsdiua (Tyrosinase)
Fudumahadadiuarfiu (Melanin) dosranied
nsadradedanacdwinlddfiavntu Usendadu
asidufivsiosamenywd Ysevluadumiutindu
vilsluanddiivinlhgudldsufivanusend
Whgsanensiavile lnedaidensianudiunm
Uson lulaanzluaniiildesumman [11-4] T
Ussinalnensensisansisagulanivualiusen
\uansvalld drduil 221 auuszmatngiivinald
Wudiunanlunisudnedesdiens luswiani-
YLUN® 1au133 neufitay 1149 asiudl 17
wwa 2559 Taefnuadeansvnuld Ae “Usen
(CAS No. 7439-97-6) kaza15usenauvaalsesn”
Tnsgniiuuseniioygalildiduingiuidelu
\303E1019UTIUTEUAIINT ANUTTNIANTENTI
#1515 04EY wianszsUyaAn3esd1one w.a.
2558 1304 fvuningiudefionsldidudrunaly
MINAMATDIE179 A, 2560 §1dud 14 lnwels
Hoa ward1dud 15 widla wedidn sxdian vdew
fa woedAadn wulaien luvsuialdiiuiseay
0.007 (70 d@ruluarudiu wie 70 Jadniuse
Alansw) Tugduson fduluiaiesdenseindudl
aifinnseniiu Seilidouladn Whinnsdudeulu

a [

nanduddnsagulataiu 1 duludiudiulag

v
° o

Umidn (1 dwlududiu wie 1 Tednsudenlansy)

Fedunsnsaiiseiusinasevluasumtian

Jsflaudfgy
Whnreivsonildtuoglutiagiiu ifud

nsldyanageuatsuszneulsenneouliuiileves

naAnemansnIsume FauTinudigavesusen
Fnsranuly Aedewaz 0.15 tmidnsetiniin wie
1500 fadnsusaflansy [5] 30YANTIAA0UATT
Usananuandueineniiv1190901a3%1LA%
univedeuding insreaevarsusenaudsenls
nnia vausenuenluily Ysenaaslsd uas
Usanozdion Hudu TnsvrsdSunadinsaaauls
agseIIng 25-1000 Radnsusiedlansu [6] asifiuin
nsldgnneaeuilalanunsansindsoniiduiua
e 1-25 fiadnsusedlansy Fadulsunaiiiu
wnaifisualTlue3esdandld uaiedndunis
asavdeullesfudronisldssesnardudy s
3Lm']sv‘rdiamiuisé’uﬁaaﬁﬂﬁaﬂ%mvﬂﬁm%ugjwm
in3eafioinermans Taomadadldfueglutiagdy
grnsviasigiusenluasunineg laun wade
lnanlleseznouiinuaugasnduaiunlnsiuns
[7]-[9] BunmfindAnianalaun wuaaunlnsiuns
[10], [11] Tneweilesisanaiazdosiinstosietha
a3y weeldasailunmssmdliusennaraduled
gaumniinied Fadunsiusafivfinainvesdesn
AMTIATIEN Lazideatuasnasnulun1sinsgs
AT sauemedan e ziusenlnenss
Fren1saanefadieninudeu deldfiduneunis
WSeuiege At vindetssenuay
drludmsien Uiamsgmmlmﬂﬁ 700 891
waldea looauuseanizgnimdaisasagnziad
nareiduleveausen wazgniudreneuiniu
a1serdany wadslinnuieuliusevngneanin
nanetJusznendaszvesuson uluduvaddwmsu
nT19ANTANAULAtYRIRERENUTEY fimuen
Adw 253.7 unluluns vesdefAndundans
mni’msﬁLLﬁlanam%a%Qﬂ@jm%’ULmﬁﬁwﬁa@m
U iethlumdadeld Sedndumedafiduinstu

= 1% 2N o & v o °
dawndeu ginseilidnludeddainudugly



RMUTP Research Journal, Vol. 15, No. 2, July-December 2021 17

nstinldiesesile Weowlsuduiaialaadales
szmaufinuavresnduaiunlnsiines wavin3es
duanfinaAniianaraun wuaaunlnsiines
mANANNTIATIETIUSONIRERSIRIENTaaE A8
Anufoulagninuntdlunisnsrniausenluiegie
wangvia lown Tuldunuiazsoudnd [12] Tufu [13]
luomsifinvesuuinazgie [14] Tudan [15]

NuITetIsaulanaziiuInsIaiausentuaAsunI

9N

2. 53:U8U359Y

2.1 Jangunsaluazansiadl
\A30aTtAs1eiUsen Direct Thermal

Decomposition (Mercury

Analyzer 3000; MA-3000 US¥% Nippon

Mercury  Analyzer

Fanadon 5 f1unue (Analytical Balance ju
MS105DU uS¥v Mettler Toledo Useinea
antgasuaun) lulastiua auim 0.5-10 way 10-
100 lulasdns (U Research® Plus US ¥
Eppendorf Usginalgasuil) a1savalguinsgiu
Usen 1000 Hadnsuseans (HeCl, Tunsalumin 0.1
luaredns) nsnlumsn 16 luaneans (Nitric acid:
HNO;) LﬂiﬂU%?j%éQﬁ YDIUTEN Kanto ﬂszmmzﬁ'ﬁu
Lay Woa-Faindu

HSCH,CH(NH,)COOH, 121.16 n5usolua) v89

( L-Cysteine

UM Nacalai Useinagidu

2.2 112814
f29819ATUNLIVI TIUIU 12 29819 T
31n51uAlu 2.9843 Tuseninghau aaau w.a.

2561-LABUNNTIAY N.A. 2562 T518aLLDEM HdbU

Instruments Corporation; NIC ‘Uismmﬁ{ju) A3 Asedi 1
a319il 1 eaziBondeyafogisniumiingn
f79819 . . v an 31R1 undanAnadi S aenumavd
4 dausldlunisinuiidauuaain . unaadmLng Y
7 (Uw/nfy)  sEyuuaaIn Anude*
L1 Ewmnsedndla andeugasim 7 il VANGERI G ARY
L2 Ewmnnseanda 3 1 $veEs AIBY
13 Bwnnszdndla Ajuuiu andeuiases 6 Fy $uagaanio 7-11 AIDE
La  fwmnnseandla 3 lidl $uveds AIBY
L5 favnnseandla Auduty 1 f\ WeaTINAUM AIRY
L6 fBwmnseandla fyuduiu shidedn Snwd 8 Laid] Fuveds gnLin
anieay
L7 USuRim Aatuiu 03 il naALIA GGl
18 Uiudmldaueu MFeulieu anndunie 9 f\ Suveds GGl
M9 Enwnnseila andh-nse gaaneen 5 il fuazaonde -1 pdog
M10  Ufudialiaueu aandune Wiusamelu 3-7 Ju 8 Laid] $veEs 1id]
H11  andd i1 9ae1ee 7 Laidl AA1ATIn 1idl
H12  Fawminsgandda Audewy andeviases 30 il Fuveds AIRY

andn i Ine1em

*http://164.115.28.102/FDA_SEARCH_CENTER/PRODUCT/FRM_SEARCH_CMT.aspx (Fufuiile ifeusnsnu w.a. 2562)



18 2155153V INIUSL IV ums.wszuas TN 15 aduil 2 nsngIAu-su21AN 2564

2.3 M5AAsIzHUsaN

1A%84 MA-3000 4 f30sdnnisinognsds
n779901uslR (Autosampler) Inefagnaazgndsld
aaurdrnsulddiegraiinieigsiin nsa
Adsuiuda n319 x 817 x 80 0.5 x 3.1 x 0.8
WwuAles danwazadieise (1dn) 119eguunia
mwﬁq%maﬂé’ 10 190 wazia3adanisiaegis
dan518mlusiR ldldunniian 10 0 Feaunsold
Freghaiiasanisnsaainldfiien 100 fegis neu
mimsaf\]i’mqﬂﬂ%”’q Foevinmnuarenlin Tnods

TUsunsu Purge Tutades MA-3000 1Weddl 850

Y

o

parwawtea Lunan 4 uiiselon Inslidyaio

L A7)
P

vosldnan Mladeudnlndauduiniian nsdlilid
ANNGINATBENTT 0.0002 HBAINYIINTIATIER

Tuang 10 wlunsy

23.1 n1sasqvdeutleedu Tnenisandudle
(Screening)

Wumsesatamusunadsen lngldlane
fiuman wu 18uilu Supsudiogns udhlduns
weiinelulin Faazuedlidiuioniuarindau
aﬂagjﬁi‘ﬂw wszdlUSinatesnn wadsdnlindn
\A309sAN1SF0g19denIadnlul® iensiadn
Uiuusen Tnsdalusunsugumndluiedos MA-

3000 #NSUTASIEVIFR0819 ARSI 2

2.3.2 nsadensmansgIudsen

WlENEIAEa1eUInsgIuUTeN 0.1 fadnsy
A9ENT 91NETALANNINTFIUUTEN 1000 Tadnu
fodnT USuusuinsaiealsazany L-Cysteine 100
fadnsuredns (nisulunsnluniniesas 0.2)
Ynansarargunsgiuusen 0.1 Tadnsusodng
dadluldniivsunes 1, 3, 8, 25, 50 uaz 100
lalasans wiolildusenmtin 0.1, 0.3, 0.8, 2.5, 5

4aL 10 WUNSY Mmud1AU wartlUdeSe9dnnIg

f7981989M57339A LULTRA VBILATEI MA-3000 Lii®
AATIERAINITANAULEasUTEVTUMIIEAINES
WA (Peak Height) Tnadslusunsugumgiluinies

MA-3000 d5UILATISRAITUINTFIU AIN15197 2

2.3.3 N1SAATITIIAIBES

v
VY o o

FashegranTulifminuiuoufmeaien
funied 5 asluliniivharuazeinuds Yudn
\A309dnnsiegsdmsIasnludf veaies MA-
3000 Liioins1zsiusuraUson Taeldlusunsy
gaumaiiluinias MA-3000 dm3uiinszidaegns

AINNT199 2 AN1IELREINUN LT LUNISRSIFABY

USunalsentUeanulude 2.3.1

A15199 2 @N13EVBILATDY MA-3000 AlLGhUNT

AATIERAT

an1enldimsziansnlaeng

Air flow 0.4 L min™
1*" Decomposition 200°C 60 s
2" Decomposition 350°C 150 s
3" Decomposition 850°C 180 s
anzildiianeiasanasgiu
Air flow 0.4 L min™
Drying 150°C 60 s
2" Decomposition 800°C 120s

3. nan1sAnEILazaAUTIENa

3.1 UseanSnnuasdsiasei
nymliasguvelsen insiatndeiaie
MA-3000 azldrn1sgandunasluguaugadia 39
wUsiunseiy dhudnvesusen lumizouilundy
dosnfiansganduuasitléifuvessonsismuadi
Taaglululdn FafimnuazainlunisAiuisesnun
Tumhedminananianududu mswdedily

AuUSUINUTNIUAI8819 EADIAIUIRIN



RMUTP Research Journal, Vol. 15, No. 2, July-December 2021 19

dhindetsiidsaslululdmifiensiatn Seaeld
Uunasenlumedseenundumiraannududu
vesusonsothuingredns Faiminodadily
JuaguUimnsen Sransiegnaiiuiinalsen
wnfiannsadssieranimindosidiss 1 fadn3u
wsoluniensetududiansiegnedivsenuind
annsndansenegalduniiania 1500 fadniu
@Auueumuuiuresiiesuraz i)
NIIMUINTFIUNNALATENIINAITALAE
WNTFIUAUFRLINY FRansazaneuInsgIuUTen 0.1
fadnsuredns warldlulasUivngaansuinsgiu
anududuiierfufiusuinsdis q fu 3eliides
WSHUAITUINIFIUNAEAUTNTY YilianAd1Y
AAIALAADUIINN AT BN UINAUTIN WA Tld L

TasUn vinlinsvlunssgruiladyannyaaguu

a9 9 ]
% '

Eunse lasdunsingeas 1 afavindudslugud

Y

0.25

y = 2.003x10-2X- 5.14x10
R?=0.9991

0.20 F

Peak height

0 5 10
Hg (ng)

guﬁ 1 A minnsgulsen (n=1)

v

nswumsgulugud 1 4 Sauansdedoyad
fauduiudidadugeuindsasnndosiuad
duuszaninisdndula (R fdilnd 1 uan
uaﬂmﬂﬁmammmilﬁm L-Cysteine Tuansazany
mmgmﬂsamﬁm%uﬁu inliuseniinansidedou

flu L-Cysteine [16] Yreliansazaieunnsgiuysem

anuanes anududulidsuilas aunsauiu
Kglauu 4-6 weou WawAuluiiu

ANTAIINANITATIVTANR LRI LASIE 9

s

dn9azalguuadgn (d15aga1y L-Cysteine 100

Tadn5umpdns) 31w 10 1Un waziAndeauu

'
o =

N5 IUVRIE Y IUN LA lUAwIMmIAUTNTY

(7]

Feaunns? (1) [17]

LOD :ﬁ (1)
m

lned
LOD = ainadninn1snsiain
sd = andeauunnsgiuvedaynn

o

m = F"I’J’]ZJ‘TTU‘UEN&ZJﬂ?iﬂiﬂwuﬁmiﬂﬁu

Us1ng31leAn LOD 1indvu 0.010 wilunsu
FadloAuiuseuntndiogne 100 Jadnsy agle

A1 LOD winiu 0.1 lulasnSudailansy FailAnen

a v 1 a

nnaEasINUTINaUsen 1 ladnsudeilansy

AUUTENIANTENT AT TG wadadizeanunsa
asinUsinaUsenluasunthunldegrsidete

Aaadleswedislumen Repeatability v
Tnedadogns L1 V3w 100 fiadndu uaziets
M10 USuau 5 fiadndu dafaogeay 3 ga iy
mafﬂi’ﬂﬁwm%aﬁ MA-3000 1é’¢hmwmamﬂ§au

LY A

FUsins (%rsd) winnuSeway 14 9 1.2 lulasnsusie

a o

Alansy wazdosay 5.9 7 868 lulasnsuseilansy

ALIUINAIANUABINLATDUAURNSALAGRINIVANT

(% 4

gausulanuLnugl AOAC [18]
A15parnIstanauAu (%R) vinlaeld
FregeiifluSunasendosuniuliunalsuiiu
Usemdudu 0.1 dadnfusednsusuinsaiudl
Fosmsasluiielilaiminusenaiuiigeanisea
s1waziBualun1sned 3 wazihlunsiatadeinses

MA-3000 tdeyaibauif1uiuAIsosazn1ste



20 2155153V INIUSL IV ums.wszuas TN 15 aduil 2 nsngIAu-su21AN 2564

NAUAUAIANNITN (2)

%R = ﬂxloo )

1
Tnedi
c = aadufuvesusendiduadlulusiogn
¢, = anudifuresuseniifiegrevlusnot:
c,= mudiduresUsensiauaiinsranuly

f79819

AN508aLNSLANSUAUN LALEAIAIIUAITIIN

3 Fanuinadiladuluanuinast AOAC [18]

o P Y o oA A a
A15199 3 SaarnislenduAuvasUseniiuluy

foE19AIu
faogefi Usan (ng) (n=3) %R
fidu fiwu

L1 0 0.12 -
1 1.22 110

L2 0 0.18 -
1 1.22 104

L3 0 0.16 -
1 1.24 108

M9 0 4.60 -
5 9.10 90

M10 0 4.34 -
5 8.74 88

3.2. Usunauusenludaog19asuntnen
\osniisegersuntianafionadivsune
Usonasfaszauiovay Wu ddleg1anTuiusen
fovaz 1 w30 10000 fadnsunedlandy (o
fognauniies 1 Jadnsu agdiusenii 10 lulasnsy
Faavsilvudanisnsaatniaegned Usenazandn
oglutadeaunn desdinisianuazeinlalsen

29NU1NNLATY A8A15UALATDY balUNUAaAY

lUsunsu Purge aaunil 850 oA NgALBea 4 Ui
dielausendinndsluia3aseen lneaNdeyey o
vaaldman deadlndguduiniian (<0.0002)
whiufeasaialddeuiniogned davhiudu
msvihauazenlunneuldlume urazidonailu
nsvheuareaReudnauy n1snsedeuled
Tanns Screening fetATas MA-3000 Fsgnldidle
Jumstlostunsduileuressenusunamnly
1A% N3 Screening aeg9AIUNTNIITINYA

12 fe89 lenasalumisan 4

A319% 4 Wans Screening Usenlumingns

A19819 AUGNA
L1 0.00039
L2 0.00044
L3 0.00031
L4 0.00056
L5 0.00047
L6 0.00068
L7 0.00128
L8 0.00041
M9 0.0035

M10 0.0020
H11 1.0621
H12 1.1707

gnuIIeg1e H11 wag H12 dd1Adugs
fienfu 1 Gedaingeunn dvduitegne 2 faiiiusen
AunasinsgIuiinsensIsans suguayy ey
Yudlouldlundosdronsuiuey uaziaogeiid
Usongauuviagldannsansanialasnsslddae
1A384 MA-3000 #ioafinnsiieansanuiduduves
Usenlufieganaunisngiain diumiedns L1-L8
way M9-M10 HArarugsiia IndidgsArvesldn

wWah Juthlugalvdinminuuueunaznsiaia



RMUTP Research Journal, Vol. 15, No. 2, July-December 2021 21

nsasiaiausevluaiudedne ediniu
§i10819 L1-L8 way M9-M10 unfl0819ag 20
findn3u tluasaindeiaies MA-3000 Usingin
L1-L8 ldaugefinegsening 0.0010-0.0020 Flg
Fatwedin L1-L8 siudu 5 i WJu 100 fadndu
ilunsiadaladyayin ldanugeinag sening
0.0010-0.0030 @slaissandayaraiildannnisds
20 fiadnfunnnidn drasiduvsendivudounly

o

POAUNIBVUIUNISNER UINNINzdulseni

3
dudnsdlaldasluluaiuiedne arududuves
Useniiduanainanugefindildaindiegieaiu
100 fiadnsu Avegsening 1.2-2.0 lulasniuse
Alandu fslunns19il 5 daudaegne Mo-M10 ¢
ANNgeiAgaINAUALNS AN ATEIY Tatimnd
dwiinanasvie 5 dednsu IdeUsenyszana 0.9
fiadnfusioAlaniy deininnaeiunsgiuuIunm
Usonfleygalivudoulundnfusiduiagulsl

Y 1 dadnsumanlansy muUsenIANTENgIe

GUGRERVGH]

A15199 5 Han1sIAsIzUseniusietng

A29E19 A213GINA Hg

20 mg 100 mg

(n=1) ey 8D
L1 0.00129 0.00187 1.240.2
L2 0.00175 0.00317 1.810.1
L3 0.00116 0.00262 1.610.2
La 0.00168 0.00184 1.240.2
L5 0.00130 0.00355 2.0%03
L6 0.00138 0.00210 13302
L7 0.00108 0.00238 1.430.2
L8 0.00126 0.00313 1.810.2
M9 0.37749 0.09148* 920%51
M10 0.33672 0.08628* 868151

*191n 5 daansu

n13as293ausenlunsudetedifiusen
USunaugeunn Famum131991 5 Ao Faogne H11 way
H12 IgUnAnINaIN1SnSIAAUAILYANARDY
Usenléiiiusenduiounansinfivsongeuin
seauesifud azladududesiiuingiate win
fan1395297 R laeidedaunmS ey
A15ALANUAILLENIUDA LATLIDINNNBUNIIATIVIN
Tunsdliilfdenifogruioalaedasaogis H12
11 5 9adnsy avargluteniueaidy 25 adans
wazdwnansazaned 10 lilasans YSuusunnsidu
10 faddns Mmwansazas L-Cysteine Tunsaluasn
wazdiuald 200 lulasdns thluasiatndensos

MA-3000 lauassmseit 6

A15199 6 HANTSIATILIUTONF9819 H12 Ale

N1919939ABUNTIVIA
daya REFE TP
U3umsiinga93m (L) 200 200
AHESTiA 0.00463  0.00378
Y5an21nns (ng) 0.213 0.170
Usenlusogng (mg kg 5325 4250

USinnuusendinsawdludoghs H12 dien
4250-5325 fmdnfusieflaniy nIoseuay 0.4-0.5
FaAunusinnsgulinn wanainfinisifnans
Usevadlulundnfasilnendlaainduan Wegdoua
¥99ATNFIBE H12 :1ne5adt 1 agnuin Wuedy
fiflsnasiensugedian susdiariionnds idsaq
aouzlegluiulednisnsiadeuves AawnsIunIs
91MIHazEN NTENTIEsITEY Jsonaduldlaa
fegsiifuvesdasuieldiinafuysonasly

YSunaunnauadl

4. a3y

WATANISILASIENUSENIAEATINIENNS

aaafiniuAIusou auisansiatalasinsy i



22 2155153V INIUSL IV ums.wszuas TN 15 aduil 2 nsngIAu-su21AN 2564

o w

GUENL%&JLmiasuaaﬂiam%wzgﬂ@ﬂ%'uLﬁalﬁuiﬁmam
Wuweadesunsie urimadadoslimunsdmiu
nsrataUsonUsunamnnseaulesidud furasld
yanaaouiiioniaaeuiiosiu uieifosnisan
YauduaINN1InTIITannslidyanaaey o1ald
wadanisidesidiend M3uniniesonalss
WgeoisatwudaunInslilndinesuuunnni 3
aunsansiatausenluniuniinalddaus 200

adnSueAISAanlsnranlansusiagsull [19]

)

SadumedaiilddonnIousograduiu umageu
Wosduneu annduiaidedneiingialdny un
AT InnswaTanSEaeseANNSaY 989100
YaUNANANITIATILRUTENLABASIAIENITEAF
fremnudeu deraegfinisidedldnaudunis

U

YANNAZ 1AL UN F9a1TIWIUITNUINNED1TIE

a

Ialagnisilinluianuazenlun gl
asfidengludanatufiomdalouson uenainiy
Anszidesianutiunglunisldgunsaiiugiu
ogaadesdamaden 5 dumis wazlulastiai
AMAINAAINITAgAAISTIUTNIATAINTY 10

ulasdnsle

5. NAANSSNUSZNA

e

HevavaunuuiEm lawend nju Aes
Yaistu 311in Mlianuewasizilunisldnieie
JLAs1zRUTEN MA-3000 ¥93USEN Nippon

Instruments Corporation; NIC U‘izmﬂfﬁﬂu

6. LBNANTD19DY

[1] R. D. Barmr, B. A. Woodger and P. H. Rees,
“Levels of mercury in urine correlated with
the use of skin lightening creams,” The
American Journal of Clinical Pathology,

vol. 59, pp. 36-40, Feb. 1973.

(2]

(4]

C. C. Sun, “Allergic contact dermatitis of
the face from contact with nickel and
ammoniated mercury in spectacle frames
and  skin-lightening creams,” Contact
Dermatitis, vol. 17, pp. 306-309, Jul. 1987.
M. M. Weldon, M. S. Smolinski, A. Maroufi
and B. W. Hasty, “Mercury poisoning
associated with a Mexican beauty cream,”
The Western Journal of Medicine, vol. 173,
no. 1, pp. 15-18, Jul. 2000.

T. Y. Chan, “Inorganic mercury poisoning
associated with skin-lightening cosmetic
products,” Clinical Toxicology, vol. 49, no.
10, pp. 886-891, Sep. 2011.

A. Boonprachom, N. Yukittichai, N. Ekkabut,
N. Pongnimitprasert and N.
Nuntharatanapong,  “Investigation  of
ammoniated mercury and hydroquinone in
whitening creams distributed in amphur
muangnakhon pathom province,” Thai
Bulletin of Pharmaceutical Sciences, vol.
8, no. 1, pp. 1-8, Jan. 2013.

P. Kongseree. (2015, Mar 27). Mercury Test
Kit-Cosmetics, Department of Chemistry
Faculty of Science Mahidol University.
[Online].  Available:https://old.mahidol.ac
th/th/latest_news58/DMSc-Award.html

S. S. Agrawal and M. Mazhar, “Adulteration
of mercury in skin whitening creams - A
nephrotoxic agent,” Current Medicine
Research and Practice, vol. 5, pp. 172-175,
Aug. 2015.

Y. B. Ho, N. H. Abdullah, H. Hamsan and E.

S. S. Tan, “Mercury contamination in facial



RMUTP Research Journal, Vol. 15, No. 2, July-December 2021 23

skin lightening creams and its health risks
to user,” Regulatory Toxicology and
Pharmacology, vol. 88, pp. 72-76, May
2017.

C. P. Peregrino, M. V. Moreno, S. V. Miranda,
A. D. Rubio and L. O. Leal, “Mercury Levels
in Locally Manufactured Mexican Skin-
Lightening Creams,” International Journal
of Environmental Research and Public
Health, vol. 8, no. 6, pp. 2516-2523, Jun.
2011.

S. S. Agrawal and P. Sharma, “Current
status of mercury level in skin whitening
creams,” Current Medicine Research and
Practice, vol. 7, no. 2, pp. 47-50, Apr. 2017.
S. Y. Ng, F. Dewi, J. Wang, L. P. Sim, R. Y. C.
Shin, and T. K. Lee, “Development of a
cosmetic cream  certified reference
material: Certification of lead, mercury and
arsenic mass fractions in cosmetic cream,”
International Journal of Mass
Spectrometry, vol. 389, pp. 59-65, Oct.
2015.

J. V. Cizdziel and S. Gerstenberger,
“Determination of total mercury in human
hair and animal fur by combustion atomic
absorption spectrometry,” Talanta, vol.
64, pp. 918-921, Jun. 2004.

D. Saniewsk and M. Betdowska, “Mercury

fractionation in soil and sediment samples

(17]

using method,”

Talanta, vol. 168, pp. 152-161, Mar. 2017.

thermo-desorption

A. Luippold and M. S. Gustin, “Mercury
concentrations in wet and dry cat and dog
food,”
Technology, vol. 222, pp. 190-193, Oct.
2016.

L. Makedonski,

Animal Feed Science and

K. Peycheva and M.
Stancheva, "Determination of heavy metals
in selected black sea fish species,” Food
Control, vol. 72, pp. 313-318, Aug. 2017.

F. Jalilehvand, B. O. Leung, M. Izadifard and
E. Damian, “Mercury(ll)  Cysteine
Complexes in Alkaline Aqueous Solution,”
Inorganic Chemistry, vol. 45, no. 1, pp. 66-
73, Jan. 2006.

G. D. Long and J. D. Winefordner, “Limit of
detection, A closer look at the IUPAC
definition,” Analytical Chemistry, vol. 55,
no. 7, pp. 712A-724A, Jun. 1983.

AOAC, "Guidelines for standard method
performance requirements: Appendix F,"
Arlington, VA, 2012, pp. 9.
C. R. Hamann et al, “Spectrometric
analysis of mercury content in 549 skin-
lightening products: Is mercury toxicity a
hidden global health hazard?,” Journal of

the American Academy of Dermatology,

vol. 70, no. 2, pp. 281-287, Feb. 2014.



24 2155153V INIUSL IV ums.wszuas TN 15 aduil 2 nsngIAu-su21AN 2564

http.//journal.rmutp.ac.th/

AUUANIMATNITAIN N19NE LAaLNI9AUSoUYRINANUSInAlA
ANBUILULADN
vty anuand* Jan suduen uas qund yEn

AMEINgIAERSLazAalmans unIngndemalulagsivuanadanu

744 auuasuTwal Snekie JmIauAIIIvENT 30000

SuunAIw 8 e 2563 ulyunaau 4 UnTIAN 2564 MOUTUUNAIIY 17 NUNIUG 2564

[ 1
UNAnga
wlsandudenduiaanediwes@inmiaunsodindugdlduiiduuiineld Geeunsodudaeomnsla

Tnense Uslaale wazdasaaslanusssusd TnauseasrveanisAnuiiiisfneinavesaudinianil

q

MeAIN Mana wazvneanufeuvesiiduuilaaldainudiuden arsazaneiidugnisdeniinidudues
wilsiudonosay 4 Taetmiin Mndweseafunarailewes Tnsfnuifiusutauandieiu 3 sedu THun
$ovar 30 40 uay 50 Inshminveautsiuden mstuzuildulneBnsmmdetugUuasyhusisiigamgd 50
ssrnwadea unan 16 Hilus Mnranseasmud Yinandiweseafissduunnsaiuvasdiduusinald

nutasiudenliiinadaninuvun 8 anulusada waznisiafivealay wanuINUSUIUANLTY AMNALNTE

¢

Tunisazatsin anuaisaluniswesda waganuaunsalunisunsriiulotvesiauiinuluuiuaudio

a =

USinunfweseaiiudy Turagnalugdavesmnugaveuiaznsiuniuusitavesiiauiivuildianasedn

o w a

fdgddgmeadfiileysunundigeseaiiudu aulinimnuseunuitgumgiinisaanedivesilauil 2 9u

A Tuwsnd 50 D9 130 D9ALYaLTEE wazduNanad 263 B4 315 paAnwaLdyd 31NN15ILAIILH FT-IR

NUINUSHIUNABTRATISEAULINANIUTNARBLASIES19Y8IAN (3278 cm™) AstiuaInnsAnYIAdUUSINA

1 o o o 4

TaanutadudenaunsaurluiszendldiduTandmnsuussydusiomsiieundesnuninvoandnsioe

q

219158

Adnasy : Wauuslaale; Swdes; audfinisaiinnanin; audiving, audinisanuseu

ada & a

* fiwusysgarueru ns: +669 3416 3541, lUswaldaiannseilnd: namfon.sme@rmuti.ac.th



RMUTP Research Journal, Vol. 15, No. 2, July-December 2021 25

http.//journal.rmutp.ac.th/

Physicochemical, Mechanical and Thermal Properties of
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Abstract

Man Lueat (Dioscorea alata) flour is a biopolymer material that can be formed into an edible
film. It can be contacted directly with food, consumed and naturally biodegraded. The aims of this
research were to study the effect of physicochemical, mechanical and thermal properties of edible
film from Man Lueat flour. The film forming solution was prepared by Man Lueat flour at 4% w/w.
The glycerol was used as a plasticizer. It was studied at 3 different levels; 30 40 and 50% w/w of Man
Lueat flour. The film forming solutions were formed using the solution casting method and dried at
50 °C for 16 h. Results showed that the glycerol content at different levels of the edible film from
Man Lueat flour had no effect on the thickness, color, transparency and elongation at break. However,
the moisture content, water solubility, swelling property and water vapor permeability of the film
tended to increase when increasing the glycerol content. In contrast, the Young’s modulus and tensile
strength of films tended to decrease significantly, when the glycerol content increased. Thermal
properties were found that decomposition temperature of films occurred 2 stage; the first stage
occurs between 50 to 130 ° C and the second stage occurs between 263 to 315 ° C. The analysis of
FT-IR showed that the different levels of glycerol affected the structure of the film (3278 cm™).
Therefore, the edible film from Man Lueat flour can be applied as a food packaging material to

protect the quality of food products.

Keywords : Edible Film; Man Lueat; Physicochemical Properties; Mechanical Properties; Thermal

Properties
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ffuiden (Dioscorea alata L) ilusuitutiy
(Yam) $1andivta Saifuunasnsiulamsaiiddny
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thaadenay 2.43-6.91 uazUiinuerlulagogludag
fovay 21.69-31.56 andoyaninaranandliiiudin
psrUsznaumuaivesiudeniiiunnsetuiiios
deunanuvadiinsdiuilumsaiagdviaves
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Hutsandlduazndnfasinliduiioonsuvesuiiag
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nduiinses Futhduiiiueenaindaogns
wazthhegeiiden (Wet Sample) Fstihmin (w,)
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wu1n 8 fadwns x 50 fadwns Badanes 2 919
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Elongation at break (EAB) = LLXIOO ™

0

e

Frm = ﬁ%mga@mﬁﬁﬂﬁﬂa‘mm (f16)
A = ituiivihdinvesiidy (mseiaduns)
L, = AuenBuduvesiidy (@adiuns)

L = syazanugnniduinesn @aduwms)

2.3.9 AuvAn1enuiou

duUAN19A1IN5 BU (Thermogravimetric
Analysis; TGA) vosiduanuilafudon Tngldin3os
TA Instruments (SDT 2960 Simultaneous DSC-
TGA, A Instruments Inc., Woodland, CA, USA) Wie
AATIERAETEINANToULAZ RN TINIS
aaed Iavhnsfahmindegneilinaaeulid
dhndndszana 10 S8y vssyfiedisadly
A1TULUIIEIBE1e vnrsmaaaulagnisiiiy
gaumgiiliiuAdiodsfisns1s 10 esmiwaidoasio
Wil 9a9gaungil 30 f4 800 ssmgaLGya Aeld

anniwlulngiau 20 Jadansaeund

2.3.10 WiEwimsuanasudunssaanlnsalnd

WiSesnsuanesudunsusaaninsalnd
(Fourier Transform Infrared Spectroscopy: FT-IR)
Talunsiaszilassasrisesudeainiuidoniay
Hduuslaaldannutaduiden daewn3es ALPHAE
FT-IR Spectrophotometer (Bruker, Ettlingen,
Germany) laginA1 Transmittance ﬂlaﬂ%’dﬁﬁaij
Tug295uns1isn 929.avA8U (Wavenumber)
4000-600 cm* Tae Scan Setting 71 16 Scans uaw

Resolution 7 4 cm?

2.4 MWHRUNIINAADY
19UHUNITNARBILUY Completely
Randomized Design 53USIUNANITNANDI LAENIT
Anszidiedsvesdeyauaziuisuifisuaadsiag
1435 Duncan‘s New Multiple Range Test (DMRT)

NszAuaueiuesay 95 (p<0.05) Yayah

Beswnnnndeyaivetiatey 3 41

3. nan1sAnEILazaAUTIENa

I1nN1SANEIUS U IUNEesaaddu

1Y ¥

wanadlewesiseiuaududusing 4 Govay 30
40 war 50) nuanwazUInNguesiduuslaale
Mnudlaudeniidnuariiinasuiag (U7 1)
TneAldufldfiand L* (anuadng) a* @ung) uag b*
@wdes) ldupnarsiusgrsdidedrAgniais

(m15719% 1) FaUguan bR USLuNAwesea

'
d

Aiuiulsiinanemdvesiiduuiinaldainudasiu
o lneilAAnuadneegluyie 60.55 fs 62.15
dunsegludig 9.98 fis 10.76 uazAdindesey
Tudas 21.40 §9 22.00 uonNTunUIIAIAIIY
uandnsesalasn (AE¥) vaaildusisangnsiian
launnensdusgrefidedrfgnisada Ysuiwu
nAwesealinanaA1ANNLveIaN TnaUSunu
naweseamiuunniudnalidianuaveildud
wunlthufinnndu egrdlsfnny nuinisidudIuna
nAweseaiiszduiesay 50 TAAnmimniigalsl

wRNANNUNSIRLNA W aTRaNsEAUSasay 40

JUN 1 dhvugvesilauuilaalannudaiubend

SELAUNAWesaasauay 30 (1) 40 (1) way 50 (A)
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agelsinuiduudeafiuidoniilihiu
nawesea (Feeaz 0) Lildgninuvaasuandsing

5 PasfauiaIUTsULiBUAUTRANARLN Ao TR AT

o

sEAUANY 9 Wesanflaunladanwasiuse way
waniindne Tanunsatuguiuunuiauiauy el

Fslansaihlvldnulaznageuaud@nig 9 16

A15197 1 A8 AU LATANULANANIYRIERgTINRIdNUSIaa s nulstudeniindweseasesuniy

LUNTURANG

Films Color parameters

L*ns axne b* ns Gloss (GU) AE*"®
30% Glycerol 60.55+4.46 9.98+2.04 22.00+1.82 26.92+2.112 37.68+5.11
40% Glycerol 62.15+0.74 9.74+0.43 21.99+0.48 29.25+1.97% 36.31+0.96
50% Glycerol 61.25+0.57 10.76+0.78 21.40+1.41 32.70+5.45° 37.04+0.91

o v A o -

nELnn a-b Agnusiuandsiuluiulns danuuandsdunadfegidifed Ay iseduanuteduiosar 95 ns la

o

wANASTUNeEDReg el d ARy

o

aulusslavesfduduand@fidfysn
agrnilsdafinananisunluldusslo esan
aulusslavesiiduilniudnuasvosndnasd
9nUsTINETURENUTTATUIL INN1TIATIZIAN
AnulUsslavesilauainudeiudon wuinusunm
naweseaiuanmaiulliinadedianulusdlaetdie
fifudfunneada (119197 2) Fesaenadeaiuand
(L* a* uaz b¥) uazAAuuvesiauTldunnsg
fu lesananunuvesilduiinaseninulusauas
(Translucency) #39n15d0IHIULAIVDIHAN TaY
winflduiinnunufiuindildannisdesiunas
danavirlimianulusslavesiananas [23] Iy
Hauuslaalaanudaiudeanuindainiulusalsa
agluva9 5.49 §ia 5.70 mnA1AUlUsslavesildy
ivsvenlginfiguduiinnulusdlamnnndeiina
Aunaetioy [9] Audiunasvesflaugietdesnu
wdnfusinogmeluvssadamindanaldeuasld
\losnnuanduiiisuiisen wu mainufAzen
sondnturhlinandusormsiinnauiiu fldfs
Useaanla

Arpunulvesiidunuiniefusunw

naweseaiuIUlUTNARBAINUNUIVB LN UNAY

7

(n1519% 2) laedidregluyas 0.190 9 0.192
fadwns Meilidisaunanluduneunistusuildule
° a I | ~
nsauauUsaveswdsluusasinanildluns
FuzUusuldudeilvdaanumunladuanseiu
USunauaiuduvesilaunulInieUsune
NAWDIDALNNVULWUIUUNLAILINTY (AN571971 2)

TangWduusinalaannudeduidennusSuia

'
a

ndweseasoyay 50 WuiHUTIIAUANNTUGINER

agaifeddyneadfdloSouiisuiunisiud
nAweseaspuay 30 Lay 40 @aAAABINUINUITY
U89 S. Pitiphatharaworachot Wag B. Puangsin
[24] lFvnsAneUTunundwesea (Gesas 20
fi9 35) sanvudetiudisuadlunisimdsuiaumes

luwaadinanisy lnenuiileinisiiundivesea

'
a

WLLNNTUTnayn kU dumeslunaafnanise

¥
a ]

farAudunnniu Sesay 8.53 10U 25.32) na
o | P a I3 a
fINALUBINNANNNAKaTaaLlUNeRDBA (Polyol)

ninylansendaluluiana infiuszlalasiauduy

luanavesled vilvindigeseaiduasnaguinll

¥

Tuiunsngvasidule [24] syudavinlaidulase

Anudulsdeliodutaannia
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f1519% 2 ArAulusela AUl kazAnuduvesiduusiaalaanudeiudenindweseasysiuaing

LUUTUANY

Thickness (mm)ns

Moisture content (%)

Films Transparency value™
30% Glycerol 5.70+0.91
40% Glycerol 5.57+0.11
50% Glycerol 5.49+0.28

0.190+0.009 10.88+0.50°
0.192+0.013 11.94+1.192
0.190+0.006 16.35+1.90P

o

nueLng a-b Asnusiiuandisiuluwuins danuuanddunvadfegdifedAgyiseduanudeduiesay 95 ns la

v o w
)

uanANeRuNsERRegalitedfey

auatunsalunisavatevilduansd
Snwarmsiumutiiveunuildy Feiloninase
Anumnnzanlunsihiduluyssgndldaumesinu
919715 nAsAnwInUIASUUSIaalaa Ll ety
donfiseiundiweseadeuay 30 Ianuaiunsaly
nsaganeildosiigauansnatunislénfisesen
fisziuSenay 40 uaz 50 egedlfudrAayneads
(5197 3) uenantunuiniindweseafisyiuten
a¥ 40 uay 50 SArAuansalunsazanetniill
wanenafueg1afidedAynieadn Janasingn
gonndeiuUsinmumtuwouNuidy Weswnnd

woseallantinuveudn (Hydrophilic) 3avinlw

v A

Hduazareialdiedvsunaniweseauiniy
d9AARDIAUIIUITYYDY R Chindapan way W.
Faiphet [25] #l§ie91uin anyanansalunsazany
Ywesiidulusauaindadeaiiduiinunntuiied
Vsinaundwesealfiviu (ndweseaiesas 30 A4 50)

ANUEINNTaluNIINEIRIURINaNUIUBNE Y
n13¥nwInunInlusznInen1sUIsgRasnIsiv
$nw191115 [10] ANITANYINUINITLANUSUU

]

NALYBIDANTLAUAIINLTUTUANN UTHARDAN

a o

AnuaInnsalun1snesivesilanegeiivedn

o

&

o v

N9ERR (M99 3) NSHUNPLYDTRANISEAUSDEAY

e

a

40 wudnHauuslaalaanudeduidenilan

=

Aanuarnsalunisnesirluilivesidugeiands

Seway 183.82 FanundA1AuaIu1salunisnes

faluthiigandinisiiundiweseaiifosay 50
Tnertaluaauannsalunisnessvesilduuin
Aerdesiuliinamylensondavesndiwossoadiil
Usuauunn ﬁﬂﬁﬂéuﬁmmmmmiumi@msﬁuﬁﬂ
167 9147398989 M. Nouraddini et al. [10] 518914
MAdnanLdetlnawasfauainudengiiaenid
ArmuEanselunsnessafiesay 103 waz 406
AIUAIAU
audAnsunsriwedlevnduwiduaudan
dgrasiiaululonediuesfignianldlusus

U359 091019113 1AgA1ALENTA NI TUNTHY

Vo
§ alo 1

vasletvesildnindistesiunisunsvesnnuiiu

a1

rue1mshe (8] Ineiiluidunaduwnnslsauwas
AaulUsAudietdesiufigeandiay nay wavindu

196 (laanaitladfivn) uillanuanunsalunmstesiu

' v
aa o

irlddn Tuana@idda) 126] 99nnsdnun
Auaunsalunisungsiulothve swsuTgumuIn
dlevusunaundiweseauniuiinainldiduilan
auasalunisunsruledifinunnduniuly
e (3197t 3) Tnensiiundigeseadisesas 30 i
Armnuannsalunsunsilethtosfigaunns
fufiSenag 40 uaz 50 sgnaliveddun1eata uax
Wuiiisesay 40 way 50 fArAnuaunselunis
wnsilethitlduansnetusgedidedfynieadn
FaaonadesfuAauanunsalunsaranetilduas

AUTUVBILHUTAL NISLNLTUVDIAIANEILNT
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Tunisunssulovivesuduiidueraisadesiu
AreuLh (Hydrophilic) veendiweaseaiinnty
dletimsiinluvsinaiiunndu Tnefindweseadn
lunsnduazadraiuseivluanaveswdeyinla
nuselalasiauinniseaumas [27]
dlawssuiievausivesiiduanutisiuben
AUNBALUBIHUATILH LYU nodlafiaurslinAlu
wuIRyuR1 (Low Density Polyethylene, LDPE)
WUy LDPE fimnuanansalumsunsiiiloth

WINAU 0.0013 NSU TaALUATABANSINUAT TNUd

Ioa s

Alavraana [28] FadlaulRtunistdesiunaniniay
nuwdaiuden Wwumglnuiduainudananisens

¢ v d'

LALAEHALIINENSVUTILASTINUITNANLEILNTH
Tunsunsiulethittesninlduanutsudon
(1.56 waz 1.25 n¥u fadwnsAenis1auns 4219
Alaunaaia audnau) [29] egslsAnuiiduain
wilsfudentArmiuaunsalunisungsiiulesid
Andnflduainidenuedia (4.20-7.56 n¥u

TaauATHEAISIBUAT Tlae Alaurdmia) [30]

M15199 3 AMUAILITOIUNITNNTALAIYUN AUEIUITALUNITNEIF kazANLa1Nsalunsunstuvaslat

vosflauuslaalaanudsdudonindiweseaseAunduTuaIg 9

Swelling (%)

WVP (g. mm./mZ h. kPa)

Films Water solubility (%)
30% Glycerol 16.91+1.242
40% Glycerol 19.15+1.09°
50% Glycerol 19.63+0.38°

134.36+8.43° 2.71+0.13°
183.82+21.80¢ 3.38+0.32°
155.61+5.60° 3.51+0.34°

RUBR a-c MsnwITuanaiuluwng Sanuwanaiunsadfegnditeddyssauanudeduiosas 95; ns liuansig

Aunadfegnsdidodney

A1519% 4 autAnnavesilauuilaalaanuluiubenind e 0aseAUAUITNTURAIY 9

Films

Mechanical properties

Young’s modulus (MPa)

Tensile strength (MPa)

Elongation at break (%)"s

30% Glycerol
40% Glycerol
50% Glycerol

113.75+17.47¢
56.95+9.44°
26.95+2.47%

6.17+0.72¢ 25.42+3.97
4.22+0.37° 23.13+2.80
2.70+0.26% 22.83+2.40

ey

RuEWR a-c MsnyITuaneiuluung Sanuuanaiunvaifegnditeddyissauanudieduiosas 95; ns liuansng

AunadAeensiitdodngy
Tnevhalusnmudumuussfsoausiuilas
nafoANNUNIUTRSHALAEA LA URIATN
(Normal Stress) vaeflaulusgninsnisunluldau
N13YUAT KAENITIANITOINIT AINITEARD B 9N
VpveaiiduAstesiuauBanguvesiidudmiy
U591 dduenlugdavesnudanguus

UandIAI uLTIvaafdy (Stiffness) [9] 91N

ASENYINUIIBUSU N AT DAL NN UTINA VN
AIAIUAUN UL TP AR AYDIAUEAEY
o3l ulduliA1anasedeltsd1Agyn19ads 970
6.17 v 2.70 wnnzUraaa wazan 113.75 Wu
26.95 LnnzU1@Ana MNa1au (AN5199 4) Nadl
@ a v
a1adunsnzluanavesndweseadiluunsnane

ldluanaveanefiues dinaliinisanasvesusa
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sgrindluiana Wan1siiudIinsdase wasiiiuns

WMAD UMY lYYINeAWWeS YinlAALL DS

= o

Ypalauanas [11], [24] A1ATEAATD 0 AU

a

NUINNAYBTOANIFIUA TN TUR AN L wAnA19i U

pg1elitedAny laoidianegludieiesar 22.83 fia
25.42 agnslsAnufvsuiundweseasesay 30

pradudesiatunisihluldeu wWesannidunled

' I3

ANANWLTS (Stiffness) 11A WINAU 2 B9 4 LY1UB9

a a =

ANRUNA

#la
P.

Theamdee wag K. Sooksamran [11] 9518911

WasaNsouay 40 kay 50 UITYVBY

a

MAaustdatunnInTdnsiiundeseatiuiuain

a1

AAIANUATUNIULTS

s A1 a

ANUATLNW

Soway 0 D9 Seay 60 Wuin
AanadLarAINISERR BTN 13U

I3

audAnisnavesnay LDPE farduidu

wodlesduAs1e wudi dAnisinuniunsisieey

2155153V INIUSL IV ums.wszuas TN 15 aduil 2 nsngIAu-su21AN 2564

Tugag 9-17 winngdraaia [31] AN15Ea6 o 99
vaUszuusosar 500 [31] wavilAlugdaves
Anudanguaglugie 100-240 winngdraaa [32]
Feanarsenanuansdiiuimeaiesdanszid

= ' s

va a a o A A &
ﬁZJ‘UGIW’Nﬂa‘VI@ﬂT]WaMﬁHﬂLL‘ﬂﬁlI‘IJLaE]m‘VlL‘Uu

<

nodwesTInw agnelsnauiduanudaiubond
AINITAUNIULTIRBE AU FaRNEANE NN
afduanutanasinuag (0.55 wnngulania
way 12.71 wnngUraaia auaisu) [29] warilay
PNANISTUINAS (1.29 LnnzUidata way 19.08
WwnngUIdAIa ANEIAY) [29] d1UAINITENAD
30910 wudrduanulaiuifeniiaiosndnidy
nudenanistniuns (Gegag 28.29) [29] uaslau

INEAASVIILAS (Seay 49.73) [29]

100 o
,o\a —~ — 30% Glycerol
:‘n’ \.0 eeo00d40% Glycerol
(%]
L 50 ‘- e = 50% Glycerol
£ |
o (n) v T ————
o] ®000, ceee
; 0 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800
Temperature ( C)

15 30% Glycerol
£ eo0e00d40% Glycerol
g 10
N A 50% Glycerol
S l { - e % Glycero
R () I
5 \

D [ 4
0 a"%g.-f' | S eens0.8,2000 0.0 006 0ol
0 100 200 300 400 500 600 700 800

Temperature ( C)

JUN 2 N5l TGA vesiiduuilaalannudsiudeniindweseaninududuiosas 30 40 uag 50

ANMULaTigINIIAIINTouLaYRUNYINIT

daneilvesilduusiaataarnudetuideniininy

WuTuYaIndlwaseanssyay 30 40 way 50 mens

AATgviemnalln TGA uanaiaguil 2 lnggaumgll
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nsaanediveildunuing 2 u Aeduusnas
Aodesfunissymevesinlusnedne uavduiiaes
Wiendestunisaanesvesuiliuazndigeseoa (5],
[33] Feann1sfnyinuingumginisaaisfitu

wsnigaumgiiegluyie 50 fis 130 samwalla T

donndesiutteunadnnuluiausnaesnsiw

9 Y

o '
a

DTG gaungivuiiaesfiAtagluyis 263 fia 315
psmwaLdea Wefiansanainnsial DTG agnuin
fefiniaeafifluongegn Usuonianisaaissann
fignlugaedl Fadanulndidsafuauifeves
C. Yokesahachart et al. [34] #l#is1891ud17ld
uslaaldannanisedudivzvdeinuysiasulusiu

Fuilgungiinisaatgdivuusnaglugie 30-150

9 Y

(9)

oA LaLdoa uazduiiansaglugag 150390
NG RIEIEG
Fguuslanlaanutafudendissfunany
Wuduveandiweseadifesar 30 uaz 40 wuinil
puatiesnnnudousnnitnsiuniieseadi
fovar 50 ieadintes (ursgaumadll 30 fs 500
ssrnwaloa) aghslsimuilsuidundigosead

fovay 40 NgaumiAus 600 argaTyd WU

Savarvnsutnnaasdsluuinniniduusinale

y o

a d'

Pnudaiudeniifundweseaiifosas 30 uaz 50
(g‘dﬁ 2) peslsfinu S. Pitiphatharaworachot wag
B. Puangsin [24] lés189ruiinisifinainududu
voundwoseadiuniudwalininuato sy

a

Souvpsiauiansiias

1642
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g
N

w
N
~
[e<]
N
\O
N
~
N
[o2]
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=
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2000 1500 1000 500

Wavenumber (cm™)

JUN 3 duaiUnasvesiiduusinaliannudaiudenindiweseanudududosay 30 () 40 () 50 (A)

wandesiuden (1)

3

anmsdnunilduuslaaldainutisiudend
NAlwoIeanNUNTUSDYaY 30 40 way 50 WU
awnasuildfifafduwmiandeiu U 3) Taowy
fifunusiavndu 3278 2927 2884 1642 1353
1151 1077 998 927 uag 861 cm™ agnalsfinny
wuwdsanniudeanuiiafidiuniandofusy

3 '

o waiavoaWand Amplitude MauTaNINATN

po4utls Tnesuniaauaidud 3278 cm™ Aeades
Aunyflensenda nian158n-va (Stretching) va4
Wusz O-H fuvisaumdud 2927 cm™ way 2884
cm ™ iadestunisiia-ne (Stretching) vaaiusy
C-H Tuvg] CH, drutavadudl 1642 cm” uananns
39 (Blending) ¥83Wusy O-H finfilavadu 1353

cm 1@nInN1599 (Blending) vasWusy C-H aAumus
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\avAdUTt 1151 e wanan138a-ua (Stretching)
Ya3Wusy C-O finfiiavady 1077 cm’ wag 861
cm™ LEAINITEA-UALUUANNIAT (Symmetric
Stretching) a4 C-O-C finfliavmdu 998 cm™ uaz
927 cm™ wansn1598 (Blending) v89 C-O-H [35],
[36] 91nnsAnwnuIiiad 2884 e Wudiall
ﬁLﬁmsﬁuﬁQﬂwﬂuﬁaaahﬂéuﬁgqammmvﬁwﬁmm
néwesealafisuiuaiunasurewmtanduden
Fehundsananduavaduiinulundigesea [33]
warnuINisuruaavaaud 3278 cm flAnns
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UBinaundwesealuilduunniy Wesnnawesea
fluanavemylansendaiiuesdusenou [11], [36]
AlnsiinludSunaunndwalilulassasiees
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AU UVDINANF Y

4. a3

PNNsEnwUsINandweaseaiissiuaIy
WNTUANg 9 Yesilanuslaalaanudedudon wuin
USuaundiwesealifinanead Aa1unun A
Tusela wagAn1sndivesflay uanuiiinane
U3unmum 8y Arnuatuisalunisazanen
ANNAILNTLUANITHEA ANEINNTATUAITUNS
kuleuh TupdavesnnuBaveu uazainissumy
LSR9VeTlaN aulRnIsmusouvesilauuslnala

nudaiuifien nuirlgungiinsaaiedi 2 4u
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o a

TALA TULSNTA 50 D9 130 B9ANTALTUE warTun
@099 263 99 315 p9ALYALEE WaNANTU WU
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LAYAAY 3278 cm %uﬂw‘f%mﬂqmigmawm
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a a
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USutmundigeseasseay 30 wull Aaud
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q

a
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= oo
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Abstract

In this article, the construction of a high-frequency, high-voltage commercial flyback
transformer to supply an input voltage for a tesla transformer is proposed. The purpose of a
demonstration is a breakdown through the air gap of electrode. To confirm the proposed method,
the design of control of a flyback converter by using a commercial flyback transformer is rated with
a 10 to 15 kV output voltage to supply a tesla transformer at a rated 30 kV and 120 kHz. The
experimental results of an output breakdown, design of the electrode, and the setting for a 1 cm
space are constructed. The electrodes consisted of the following: sphere-sphere electrode, plane-
plane electrode, sphere-plane electrode, and rod-plane electrode. It was found that there was a
breakdown at the output electrode in all cases. Accordingly, there was a breakdown with a 2 cm
sphere diameter with reference to the IEC 60052-2002 standard; after that, it was compared with the
standard table, and the atmospheric and temperature at the laboratory were adjusted, resulting to a

high voltage equal to 31.5 kV.

Keywords : Commercial Flyback Transformer; Breakdown; Tesla Transformer; Electrode; Sphere Gap
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Abstract

According to the research entitled “the innovative engine prototype powered by diesel and LPG as
fuel for agricultural” in 2019, the problems found while using the engine were as follows: the accumulated
heat in the auxiliary combustion chamber reached 300 °C in case of gasoline engine use and a lot of black
smoke in the exhaust was found at the speed higher than 1,800 rpm in case of a diesel engine use. In order
to extend the research and solve two foresaid problems, the objectives of this study were 1) to develop an
auxiliary combustion chamber for cooling, 2) to develop a scalable gas-air mixing device, and 3) to compare
diesel and LPG consumption rates, by modifying a small diesel engine, Yanmar version TF120DI to install LPG
fuel systems and ignition system. In addition, a gas-air mixing device was modified while an auxiliary
combustion chamber was developed to reduce the compression ratio to the same level as the gasoline
engine for replacing the position of the original diesel fuel injector. This method could support LPG fueling
only whose function was characterized by the function of a gasoline engine. The auxiliary combustion
chamber could be removed and then installed a diesel injector to return using diesel fuel. From an
experiment to compare the modified engine operating as a gasoline engine, it was found that the
temperature of the auxiliary combustion chamber and the temperature of the engine cylinder head of Honda
GX160 were measured at the maximum speed of 182 °C and 186 °C respectively. It was found that carbon
monoxide content was 0.41 % and 1,315 ppm hydrocarbons. When used as a diesel engine, it was found that
the black smoke was exhausted at 1.5 %, which was similar to the diesel engine before the modification.
From the experiment of using the power engine for pumping water with an Irrigation propeller pump with the
diameter of 8 inch at a constant engine speed of 1,000 rpm, it was found that the average diesel usage was
0.65 kg/hr or about 0.77 L/hr with the cost of 21.00 Baht/hr, and if using LPG as fuel, the average LPG
consumption was 0.57 kg/hr with the cost of 13.71 Baht/hr, which could save up to 34.71 % of costs.

Keywords : Diesel Engine; Gasoline Engine; Auxiliary Combustion Chamber; Gas-air Mixing Device; LPG
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Abstract

The research proposes to find an optimum ratio of solvent based white ink for flexible package
development by studying and comparing the qualification of white ink on plastic film. The process
consists of separating the white ink ratio into 5 sampling group ratios and then examining ink quality
by its’ solid content and grinding. The viscosity is controlled in 16 second and then measured by
Zahn’s cup no. 3. The sampling ink is printed and inspected printing quality by (1) AE*,, and opacity
on polyethylene terephthalate (PET) plastic film and oriented polypropylene (OPP) and (2) bond
strength by extrusion. The result shows that sampling ink with hardener substances and ink and
varnish ratio is at 90:10 certifies in all aspects compare with other sample. Indicators are the net
present value (NPV), Benefit/ Cost Ratio: B/C Ratio, Pay Back Period and internal rate of return of
investment (IRR). The Feasibility Study found that the projects are the net present value (NPV) of
5,053,593 baht, payback period of 1 year 8 month and rate of return on investment (IRR) was
54.79 %. B/C ratio = 1.25

Keywords : Solvent Based Ink; Ink Development; Feasibility Analysis
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FumaunsHaninstandniunavdusuiuuin

FIUNAHAN VLA IYINITA W RNTNAUNIINH TR

v
a ]

Imhgdngavdwmaliiisuyulunisudniigs 8nmn

q

TudunaunIsvudaniniunazfoalyszaziaily

msianudsenanelimfalameanuandh wioldvu
paaudasnsiliAndyuilunisuds

{ifeTsflanudaiozniuuimalunisan
sunulasnisndanininndv1igiudivinazaiy
dmsufinivuussydasinanaintuldios nauwny
nsldniinfusidnfaiidesdsionngdndiniing
Ingau waranlgvmuatilunisauds saudeda
Junismvanuimsdnnisusunaminfiunlunds
Jaiiuingavliiieameseaudesnistunsldny
Ifegnaiuszaninm niinfissiduaiindntuaed
N15A5I9d0UKALAIUANANAIN LastUTeuliiey
aunwAuniinfinidnseildludaqiu elile

=% a ¢ vada N A

wilnfiuidvfdguandAffnimiefisuiify
winfinidnsa swdsnsfnwianudululdves
lasen1s laglias1eiiann yaArdagdugns (Net
Present Value: NPV) 80518 1UNARDULNUVDY
1A33n19 (Internal Rate of Return: IRR) §n31d7u
HARBULNUFDAUYU (B/C ratio) warTzezlIaIAu
Wu (Payback Period: PB) [5] Tneilttanuneiite
a¥franuanslunisWauinidnfinvivesngy
QAAINNITUNITRUNUTIYT N nanadn
melutsswa Snitadadunisandunulumsnde
nMsadauinnssuuazannsaianauesldsoluly

UIAR

2. 52 08U35I8

N1531A3189LATINSHARNTN N 0N UE
YMgIUAIMIaza1ed1nTUNEnUTTYAuaN a8l
nsAnwmaned 3 Tuneu Ao NMSKARMINAUNE
917 N1snaaauaNUAToIminfind Lagn1sAnw)

< v a
AnudululiviansRunagianouwNuNITaImNu

Tnefidunauwazisn1sidusasaldil
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2.1 \p304iia gunInluazarsaiinlylunis
Y

WARITBLAALATTINN 1

M19199 1 1p3eadle gunsal wazansiadinly

in3asilauazgunsal

1. p3e3saesn siiu (gravo mini proof)

2. Lﬂ%‘laﬂ@ﬂﬂgﬂﬁﬁamﬂﬁﬁuﬁ (cylinder proof)
8%a J.M. Heaford Limited

3, \A3DAUATOULULSATI (extrusion machine )
?Jﬁa Sumitomo

4. 1pBpuARoUNUUYTENUWRS (dry lamination
machine) 8% SUNG AN MACHINERY

5. \p3esiarAuSaused
(spectrophotometer) ?Jﬁa x-rite

6. \n3esinAANuazIBenoyeviindL (grind-
o-meter)

7. indastamanufiuugs (optical density)

8. q:fa‘u 8va ecocell

9. ipdastamAnunisuaminiun wos 3
(Zahn’s cup)

10. 1rdaeTnAnsEnRnuestuildy (tensile

strength)
11. 13osdarhndin
12. Unnesian1sseideia Lues 38

13, mUnegeaun1sda@a 3M Lues 500

Jen
9

1. fidunanadin TaiSune Indlwsidu (OPP) 20
lupseu
2. fdunanadin Indediau wiswnian (PET) 10

lupseu

dsiadinly

1. anslvd
RREIL

. fvinazany Nontol

2
3
4. uvda Lendia Alvu (MEK)
5. Lavisaesden (EA)

6

Bulnsia @13 (NPAC)

2.2 MIHAANINAUN
nswaAninfiuiazuUstunoun1sHan
ponlu 2 duneau TEud TuneunNISATINFIY
avansuartuneunsuanuiindiud Tngasiinisuan
winfusaviavas 7 fegha Tegldanslydann 3
USn loun uSEm A, B, C lagmnusduniinfiun
fethedi 1, 2, 3 A wilnAusidildansTidanusem
A niinfinsiseged 4, 5 fe wilndildaslwdann
Ut B milnfiuvishedned 6, 7 euniiniildanslya

NUTEN C

A15797 2 LARIERIIEILAYINaTaY

Yauazaaensndiuninazane

wAazAla819

widasi 1 2 3 4 5 6 T

R ERN

IPA - 10 - - - - -

NPAC - 40 - 20 20 - -

NPA - 20 - - - -

MEK - - 30 30 30 - -

EA - 30 20 50 50 - -

Toluene - - 50 - - - -

solvent - - - - - 100 100
PV 184

no.2

solvent 100 - - - - - _
smart -

NT no.2

(34

Yum 100 100 100 100 100 100 100

=

2.2.1 JUABUNISHTLUAININATAE

® a 6

Wasansvinaranenlddmsuninfiuwly

wiazfag1alinuwanA1aiy Yuegiu Aunu

TadfinvesianuasUssinnuesussiueNagnae

danaliionsidiumivesdrsusenauiining
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PANLNAIN WAZINNNITANYINIDATIAIUAIVD
a'mhzﬂauﬁdqwaﬁaﬂmmwmuﬁuﬁ (6], (71 1o
ihdeyadsnanundudoyadosiuluntsnand
¥azatwaendnfiundvia Iagrin1sds
dIUUTENUVRIRITIATANULAREFAI8E19A2Y
wesd vhnsuausvhararenslunvusia
vimstulidndu andudiludiulsluneusdn
Tnesnsdrumvesasusznouiisnsdrnudinmun

AHIMN519N 2

2.2.2 SunsuMsHEAMENRLR
Tuduneunisuaandnfius n15n3eunin
AUNAVIILAREAIDENVLADIVINASHEN F1T LA,
1509, @159n1sEnRnwarAYinazanenflunu
Wdulszneunusnduiivnauvesiinfium
Frethauwanlidniu dunadeniinlaisusandy
#ou fianududlemeafuudniludiulsluasuy
Un [7] Inedrudsenavdmsuniinfiundsniunay

A8 19LoRNEIUA LA UAITIN 3

A91991 3 WARSDRSIAIUUSENBUFNSUNARNTINALN

$p8asU999NI1V0IEIUYUTTNOUAMS U
yiinRunuAazAqaeg

A B C

dsldd 50 50 50 90 87 50 50

N3 50 50 50 10 10 40 40
EA 0 0 0 0 0 10 10
#1598 0 0 0 0 3 0 0

=< a
N1IYARNNA

ﬁ%ﬂwuﬂ 100 100 100 100 100 100 100

2.2.3 msusuanuniinvawmiininun
ynsUSUAIANUNLS TLANuAINUUTLA

WU 16 U Talae Zahn’s cup wes 3 (ASTM

D4212) eldmuniafidesnis sailuvinis
SraeansiuilneeSees1a09n 1SRN (Gravo Mini
Proof) é’aLLamﬂugUﬁ 1 Ingldaana57 80 wnssie
Wit fiuasuuildunanaineis 2 vda ndsaniu
7n1sedeuTaNAI8819 TAgn1sIAGBULUUIATIN
(Extrusion) #8LA38aARULUUSATIY (Extrusion

Machine) fauansluguil 2 Tael#laseasne PE/ALU

JUN 1 1383918897157 (Gravo Mini Proof)

5UN 2 \nTeaAdauluUIATIN (Extrusion

Machine)

2.3 NAFBUAMNINYDINANNUNAIDE
2.3.1 nagauAMaNUAvamINNUNEYD

(1) afn AUSanaeauds (Solid Content)
vhndinfiusidundiogieiingn wazniinfiuidynd
T¥ogtlagtu Usuwns 10 n¥u anldlunvugiivia
ihluiddeu figamgil 150 sarwaidos Huran

15 und (TP-N01302) antiuthundeiminuazan
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Vudin Wadimdniidsldunnauiudiminees
auzagldahminuesudsiivieny

(2) TafAuasiBenoyntandniud
(Grinding) Y wilnRinsdv1ideg1efindauasniln

AuinldegUagduuninAiauazidenaunianin

AUN MeAIasinAInuazBunaynAnInium

(Grind-o-meter) (ASTM STP 234)

2.3.2 NAFBUAMATWNINTITANN

(1) YaA1A11u9U (Opacity) UnAlaw
WAERNTINIUNITEIaBINITRUNAIELAT O
Sraesmsiud TUSaamufiudie 1n3osinad
AUTIULLES (Optical Density) (TAPPIT425)

(2) nAERUNSEARAVDININANNUY
fdu (Adhesion) Wildumananiidiunissiaes
MsRNseASessaeInsiud lunadaunis
gndnlasldiny 3M 1uas 500 (ASTM D3359-
90) NIVgAaBA

(3) TaAranuuanened (AE*,) dfldu

NAERNTNIUNITINADINITAUNAIYLATDID1AD4

ASRNN W TrAiAnuuana1ed (AE*,) laginan
USnafifinisfiusilassau 0 1 100 dewadesia
A"d (Spectrophotometer) (ASTM D2244)

(@) SaAnsinfnvestuiiduuuunisiadey

a1

39593 (Bond Strength Extrusion) Wnlauwana®n

a1 a

ANIUNTHAFBULUUIATIN U¥iNA1sannduliladu
piintazinlUnaaauflIeesainAIN1SEnRnve It

du (Tensile Strength) (ASTM F904 - 98 )

2.4 msannzianudululdveslasenis
Ansiasigranuduldlsvedasanns

lnelddaya lawn yar1dagtugns (Net Present

Value: NPV) §R51@7UHaRDULNUYBIIATINIS

(Internal Rate of Return: IRR) 9RS1@IUNANBULNY

AaRunu (B/C ratio) wavszuziiatAuy [8]-[11]

TnedidsnsAnwsanalull

2.4.1 nseseniyadrlagiugnsveua nau
unu (Net Present Value: NPV)
yar1dagdugnivesnanauuny (Net

Present Value: NPV) fie vidnnnsanauladiuansin

Tssnsfimumnzasmianisituvdelsidu Tiigd

A1 NPV nanafie e NPV snnndigududodian

Guwanuansdiianistu q fanummizaudiey

amulauansfsaunisi (1)

NPV =" L/ (1)
= (1+k)
Tagii
I = RuUAnI1wamuradlATINIg
CF = nszualuanavsluli ¢
k = AUNUYDIIUYUYBIATINT
(4 Judnsd)
t = syezantasanis (0, 1,.., 1)
n = 9ngradlasinsidul

2.4.2 NM5IATITHIRNTINAaRULNUNNY TUVDS
1As9n15 (Internal Rate of Return: IRR)
dasmansuununitsluveslasinig
(Internal Rate of Return: IRR) Ao NamaUUVULRAY

sothdudasar v9lATINISHARIRIANNITN (2)

n CF

IRR= " ——— (2)
=0(1-IRR)

e

CF = nszualduanavsluli ¢

IRR = 993 Hand UL
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t = syezalasens O, 1,..,7m)

n = 9ngradlasensdul

2.4.3 MIUATIENTTYLIANAUNU
sreznaAunY fe szeviia (§1uaud) 7
Tglun1ssoneslilaiuaanuAduAuLl Lanifs
aunsil (3)
Guanildlunsamu

FLYLIRIAUNY = ——— 3)
NITUARUARIUENEI0U

2.4.4 nsdunanauunusiaduu (B/C ratio)
BNIIFIUHANDULNIUGRAUYY FiD SNT1dIU

LY

seninayarndagtuvesnansuunuiuyartagdu
oA ldi1enaone18v09laTINIg AldIuhe
AldIen1euuLaz A ldelunisandunuy

o Y @ =
LAZUITITNYT LEAPIPNENNITN (4)

YarJatuYe AR ULNUNIVILA

B/C ratio= (4)

yardagturesdliinevun

3. nan1sAnEILazaAUTIENa

¥
]

ANSIASILILATINSHNAR NI NAUNTDINUE

P1Ig1ufvarated miundnussydud La

Nan15Idesasealull

3.1 NANIANEHIINATTHARULNANN
NWUI19INATISRIIEINT L ZaN TR
NANAUNFIUAIMIALA18INNFUAIDEIIAN 9
wdthuvinisvaaeuauautRvesndinfinnly
Aur1e 9 laun nsveassAUsuaeudaly
nilnins (Solid Content) AIAINUALLEUAVD
punIAninfun (Grinding) Falunsnaaeu
Qmmwmﬁﬂﬁuﬁﬁ"’u A8YINIAIVAN AIAUNTA
(Viscosity) TAmungaud msuauiiun 21nn1s

naaadlaraunindagui 3
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ndeyarianumilaEudy Wevinisusu

AANUNTALALNISIRNAIYINaTANgNUINUSUN
o o a a ~ o & P

YasivinazaneiuiiaUsumanunialilaniy

WINTFIU UAAIRIFUT 4

70
59

60

)

I
UM

50 41.94

a

(

40 31 315 32 33.56

A

ATAIMUNRUN

30
20

10

JUN 3 wansrnAuviiaisusuveminiu

Aglunsneass
120 100
2 100 90
kS
80 .
2 6 66.2 64.9
& 60
< 40
> 30
g a0
g
g 20
g
0
— N o =3 L O N~

A

[P REANG

[P REANG

LebIaN
-

LR
a

LeREANG
a

LR
a

[P REANG

)
)
Y
Y
)

JUN 4 uansdmindwhazaneildifuiieusu
AMUNTAIIAU16 JUNdl Weiade Zahn's cup

Wwos 3

o

' P & wa a o & '
AAURUALTUAMANUANENAYLTUDES

11NN ANN ArAuudadlaivuizauni
w1nsg1u gy liaudanisluaveandinfiud
Wasuly wagiliiAndgyninienisiinn Tunis

naudvhazasluniiniun dingussasdineldly
nsMmMuAA1AUMavemInfun INFUN 4 92
a11150d9n9 10737 USunaueadlvinarataNuiun

naulAnuninAuLAazAogne aziAunntae
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wAnA19iY Lisananslid 2158y wazansinfn
fiaundafiunnsneiy denaseusuavedaiii
avanefithuuay Weldlaaanuiai 16 Jund
fiUSunaufiuanmaiy

=S

3.2 HAYBINITNAFBUANUANTNNUN
f79819
In1snadevanURANInAunaIY USuie
yosudsluninfiun wazaArmuazidunvatoynn
ned FawasinnismageumiAIUSuaeudaly

niInfiu [10] wanedoyannisned 4

= ' a < =< a 4
M990 4 ﬂ?i%?ﬂ’]ﬂilﬂm‘l@QLLSZNELUWQJWWQJW

RIANNUN fovazaU3unm ArauLAnenedifiau
089 vaaudsluniinfari AundinNTgIU
ninfinrd wilnfanidl wiinfad winRusdd
Gudu  AuAuA  Gudu AduAuA
auviin auvin
ninfiusi 5693  35.95 0 0
1AFIU
Foenadi 1 5234 3377 -4.59 -2.18
fregnefi 2 5234 3387 459 -2.08
Foeneii 3 5234 3274 -4.59 -3.12
Foegail 4 51.31 36.18 -5.62 -0.23

Fegadi 5 46.52 35.09 -11.34 -0.86

feeafl 6 51.97 31.75 -4.96 -4.20

Foenad 7 48.38 32.03 -8.55 -3.92

wilnfissidaUinamendannuiedestiy
szfinadenmn I uiud Tngnindiauiuia
yoaudlundnfiun urnuansirfivsunaneined
1N Hanudedied 4 lianlndlAgsiuniindiu
FrograniigananisadeuAinLazidenues
oun1Andndiadt wuiisa 7 fegsdidraam
aziBoarunusiiasguiinedu @ewadnndy

y3oinU 3 luasew) WesanaAInLazdunvea

ninfuvidanuddadusgeds wmseilnasenis

a 4

sneveaniinfiunasg Taniiu

3.3 HANINAFDUAMNINITUNNWVBINEN
NUNADE19

YIN1IATIVADUANNINIIUILN AIUAINTT

gnfia (Adhesion) ArAuLUTaUANNE (A E,) AN

Aufiuuas (Opacity) mMsBaRnvesduilduwuyin

523 (Bond Strength Extrusion) wazA1n158a@En

vosduilsunuun1sUsEN UL (Bond Strength

Dry Lamination)

3.3.1 HANSNAFBUNNSENRAA
Tdununaaaun1sdafin vinn1snaaauan
NsEaRnUaMINANN nanuvinfiuiogamn
i dsgaun1saRauunatafnsianedonauy
wiLlswsIa (PET) agludae 4-5 uansinanunsg
vunldiuiasuunaradnsiatuléase usnisin
fnvoaninfuiuunarafinviinlaSumalnalad
au (OPP) fufinfiuvisnegedl 2 way 3 filyiruen
WMsILNsEdn deyauanifansned 5

a

A15149% 5 sesunisiaia (Adhesion) aoauiln
furidegeuunatainyiin wodloAdunisnsd
130 (PET) wagidunarafnadaladumn Indlai
au (OPP)

ARnAuN SEAUNTERRNUBINANANNUY
19819 Wanahn

OPP PET
AR 5 5
INTF
fhegnefi 1 aq 5
Fethedl 2 2 5
fetafl 3 1 5
Fegnad 4 5 5
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a

A15149% 5 seduni1siaia (Adhesion) a0aniln
fusisegrauunatainyiin wodloAdunisnsa
130 (PET) wagildunarafnadalodumn Inadlai
au (OPP) (si0)

ysinia sERUNNSENRNYR WMTinANWUL
A19819 wanahn
OPP PET
fethedi 5 5 5
et 6 il il
fethedl 7 - il
NUYLNA :

a a a

5 Ao ninfinidannsunldfininfunfauau
VPEeUNSTRRATLLN

4 fe WINNUNIARAALINANNAALOUNAZOUNIS
fadntunnldiudosas 5

3 fe winfiundnfnlrunarsfininiunfauau
naaeunsiadntualiiiutesas 15

2 o ninfundnfnneld duilnfuddauau
naaeunstanntualiiutesas 35

1 Ao vilnfundnRnlud JnilnfuiAnuaunagou
msBaratunliifudosas 65

0 Ao uiinfindafnlufuin dndnAunAnuay
nageuNsinRntuLLiutesay 65

a o

- 79 liinnsneasailesarnuiinfiunisieg199 7

W@ nSURNAUURSY PET

3.3.2 HANISTIAEDUAUNULES
ANSNAZDUAINUTULES WU BEARUN
AvgamnNnguiiege dAAuiiulas (Opacity)

agluszauiilndifssiu ansanluldnuliass

3.3.3 NANISNAFDUAIAINULANASE
APULANEE (AE,,) A N15UNA9819
& 2 freg1audSeuLfisunuy 28in1SAINUAAT

ANuRANA1dLIRsgIualiAy 1 Faduraiy

wandsdiaenvesuywdliannsowonld (12)
ArAuLANAaETlannsSeufisudvenin
Fun 7 fhoghs IRuiuunaaRnyiia PET wazuy
wana@nulia OPP axwuiniinfiaishs 7 dhoenedl

ANAIIUUANGA9E BEN 0.17 - 0.98 FalavAuan

UNIZIU

a

3.3.4 NANSNAFIUNSEARN
A1n1sEnRnesduiiduuuunisiadeudn
FIUINNANINAADUNUTIN IINUIATFIUTAINTT
Sanadinunnnszidlervhnsmageundiiduannvia
Tllaa1fiuvass Fandindredgred 5 Ay
Wity duniin §h0g197 2, 6 way 7 AN
11M3g1uT9eER 0.25 Alanulumissuoauss
(kilogram-force) findindreg197 1, 3 uaz 4 il

HIUNINAARY uanadeyanagui 5

Bonding Strength PET10/PE60 ( Spec 2 0.250 Kgf/25 mm.)

+
ruel
.

Bonding Strength Kgf/15 mm.)
400
—

JUN 5 uansnisdafinvestuilduwuunisiadeuia
Svemiinfegraiunasuunanainyiianeiie

Pau wLsNssa (PET)

dlennasunisinfinvesduiidunuunis
\nAeUInTIN vawmiindetefifiuiasuunaiadin
vialoSunn Indlafidu (OPP) agwuannin
Froe19l 4 uay 5 SAn1sBaRnTinunwseisierh
nsnaaaundafauvinvlldleafiuriase dau
wilnmog1ail 1, 2, 3 wag 6 Selaiiuunsg s
og 0.20 Alanfulunieveauss (kilogram-force)

WARARagUT 6
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Bonding Strength OPP20/PE60 ( Spec 2 0.20 Kgf/25 mm.)

028
“Mesn

MAX

Bonding Strength Kgf/15 mm.)

UM 6 uansn1sBnaRaveItuilauLUUNISIATEUIA
vemiinfeganiuNaIUUNANEFN

yilalaiSune Inalafidyu (OPP)

3.4nan153asizialrudulyldvusq
TAseaNIs

Tnevnsfiansananuiindogefiniuen
NINAABUAUANTR wazAMAINIIURLRUY
nanafnslanadienau wisnssa (PET) way
nanafnviinleSuwnalndlafiay (OPP) Ae wiln
Free1adl 5 1vn15IAszes TnensUszanans
amuﬁuaaimqmiﬁaﬂammsamumm?uag’ﬁ
21,000,000 U (LATesTnslun sHaRuin
20,000,000 U LLazmiﬂ%’Uﬂqqamuﬁ 1,000,000
un) 01glasin1s 5 Y Aduyuldun [udieu f
as1syulnn Adentngs wan ldvegiiAouas

-

50,000 U wazdidunuduwlslawn Aringauly

a

Asuanuiin A1lw azﬂj‘ﬁ' 93 unmenlansy
fvusliiadeusinuenaiesdnsiosas 20 fe
U luflyadnenn Inednsimualidnsuanauunu
ﬁﬁ@ﬂﬁaaﬁ'ﬂéf (Minimum Attractive Rate of
Return) wiiuewas 10 nnudalssaulddenin
siAAlansuay 118 UM au15agIuansuuves
nilnagla Alansuay 25 v luwsaziieuldnin
45,000 Alandu Tnefinanisanwidad (1) yaA1
U99dugnsvaananauunuy (NPV) 1v1Ay
5,053,593 U1 (2) 9nsINanauln (IRR) 111AU

Seay 54.79 §9lAIUINAIIAIDASIHANBULNY

'
o

mqmﬁaam%’ﬂﬁ (MARR) 9841A59n1571 b8 S19un
1113 (3) szoznaifuyuedi 1 U 8 Lieu (4)
gnT1dIUNARBULNURBAUYU (B/C ratio) 1Ay
1.25 (5) wan153As1eviaula (Sensitivity) 989
Wosiudonsmanauuny (IRR) vaeiauusA1u
Alddreussay, arldinearuian waznns

WagukUasdwiunsidau Tuye +/- Sesay 15

(#e?) filsnsnanauwnuddianduuinwazian

a

UNINDRNITIHARBULNUAIAnTNgauSUlAvDa

q

lassnsnlanmunenlivansiaguin 7

100 =61 IRR ( %) onAsuutnssaléedmusiny
o1 IR ( %) dlawAsuuaskilisednTag

-1 IR ( %) dowAsuuuassmoumsl¥enmiinfant

Fudt )
3

(wWast

. R

40

BNTINANBUUNUY

20

-15 -10 -5 0 5 10 15
) s <
msiwasuudas (Wesidus )

JUN 7 wananansfine Sensitivity vedUosidud

NIMANDULNY (IRR) WBUAUFILUTHN 9

80

=700 galsavan —a-n15amuiniosding

Fuum

60

40

JUN 8 uansA1ANduiusTEnIagan1In1TaIvu

v RV

1819 wazinlsavay Wiguiusreg a1 NaLiunis

TngduusaualdinenuTannganudu
vdawarilidnsnanauunuanas iesaniduy

Aldaenaiuauuid Ay lunisudaniinuay
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dwansznusioanudululivedasinis Fsnasti
anudrdgduiiaviudunuiiui wagldiingg
wanA1ANALTUSTENI1aYaAINTaINY 518ld
waglsavay Wisuiuszeznaniiduiuns naen
91gN15a9Y wanadsguil 8 nudnilelasanisle
fifumananegnsreiilesasiiflsavauifingstu
naeneglasins (oA densiaves

(%

309905 wazliynduuveslasanis (Mlsavaw/
N5aavu) AsMNNIAIeIlY 91nRan1sAnm
13 q Aldafiunisu agulainlasanisiifiany

AuATTLNITAY

4. #3Unan133wY

nuansIfewut wilndvniignaiietuly
wiazgnsaziinaanTRTLAnseiY :1nmsase
Arauniln SArusunaveswddlundnfiun dn
AUALLBEATDIDYNIA NITNARBUNITEARA AN
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Abstract

In this work, solar erythemal ultraviolet radiation (EUV) which affects human skin and skin
cancer was investigated at Songkhla province (7.2°N, 100.6°E). EUV was converted to UV index, then
the data was used for model development and forecasting of hourly UV index using Artificial Neural
Network (ANN). The ANN model has one input layer, two hidden layers and one output layer. This
input layer consists of extraterrestrial erythemal ultraviolet radiation, solar zenith angle, aerosol
optical depth and cloud index which affect ultraviolet radiation, and the output layer is hourly UV
index. The results show that hourly UV index obtained from ANN and that from the measurement
are in reasonable agreement, with root mean square difference of 12.8% and mean bias difference
of -2.4%. For forecasting of the hourly UV index, the data for 7 days earlier was used for forecasting
the next UV index for one day or nine-hour (08:00 am.-16:00 pm.). Multi-layer perceptron and back
propagation algorithm were used in the model forecasting. The results show that the UV index from
the model forecasting is reasonable agrees with UV index from measurement with root mean square

difference of 17.0% and mean bias difference of 0.3%.

Keywords : Artificial Neural Network; Forecasting; UV Index; Carcinoma
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Abstract

Corrosion of steel reinforcements in concrete is one of the main causes of early
deterioration and reduction of service loads of reinforced concrete (RC) structures. This
paper reports the results of an experimental program that was carried out to evaluate the
effect of reinforcement corrosion on the flexural performance of RC beams, and to
investigate the efficiency of externally bonded carbon fiber reinforced polymer (CFRP)
sheets to repair the corrosion-damaged RC beams. Seven RC beams with the same cross
section and reinforcement details were prepared, including the control beam (BO0). First,
tension reinforcements of six RC beams were corroded by using an accelerated impress-
current process to obtain corrosion levels of 15%, 30%, and 50% of weight loss, according
to Faraday’s law. Then, three beams were repaired using CFRP sheets attached to the
bottom surface, leaving the other three unrepaired. All beams were subjected to the four-
point bending load test. The experimental results show that the corrosion specimens
demonstrated a significant deterioration on the structural performance and the integrity
by decreasing in their ultimate load capacity, stiffness, and ductility. The deterioration by
corrosion of tension reinforcements can be successfully overcome using CFRP sheets as
the repair material. The technique can restore the beam strength to its original design
strength, except specimen B50F2 having severe steel-corrosion damage of 50%. A
conservative value of the ultimate bending capacity of the beams with low corrosions
(15%-30%) can be predicted by using RC conventional models, as suggested in ACI 318.
However, the opposite trend is obtained for the high corrosion beam (50%). Appling ACI
440.2R provision to predict the ultimate flexural capacity of corroded beams repaired
with CFRP sheets shows rather fair values for low corrosions (15%-30%), but
significantly overestimates the strength of the high corrosion beam (50%).

Keywords: Externally Bonded Carbon Fiber Reinforced Polymer (CFRP) Sheets;
Corrosion; Reinforced Concrete Beam; Repair; Flexural Strength
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1. Introduction

One of the main problems of
reinforced concrete (RC) structures is the
deterioration of concrete material due to
corrosion of steel reinforcements induced
by chloride, especially under severe marine
environments. This corrosion problem has
been well recognized by many researchers
affecting the mechanical behavior of RC
structures, such as stiffness, serviceability,
ductility, and load-carrying capacity. It can
lead to further structural distress due to the
loss of the reinforcing steel cross-sectional
area as well as their bond strength [1]. As a
result, the RC structures damaged by
corrosion may have inadequate strength up
to their service loads, otherwise to
unexpected loading such as strong wind,
wave, even small ground movement.
Nowadays, there are many innovative
materials and techniques introduced for the
RC structural rehabilitation. Externally
bonded fiber reinforced polymer (FRP)
sheets is one of the most efficient new
materials among those rehabilitation
materials for RC structures. Initially, the
FRP sheet was introduced to the solution
for strengthening RC columns, mainly. It
has been examined in many literatures to
improve strength, ductility,
energy absorption capacity of the RC
columns. Later on, since its effectiveness,
there also are many applications to
strengthen other RC members such as
beam, slab, joint, etc.

Many studies were concentrated on
the effects of corrosion and its degree on
the flexural, shear strength, and mechanical
behavior of RC beams. Researchers [1-7]
showed their results from the experiments

and even

that the corroded RC beams with either the
laboratory-accelerated corrosion process or
under a chloride
demonstrated significant loss of their yield,
ultimate, shear, and ductility capacity
depending on the level of corrosion in their
reinforcement steels. One of the main
reasons of those reductions caused from the
deterioration of the bond strength between
steel and concrete [1]. The deflection of
control RC beams subjected to 30 days of
accelerated corrosion increased by 40%-
70% with 6% of the mass loss of their
reinforcements [2]. The ultimate moment
capacity of corroded beams was reduced
linearly by approximately 0.7% with
respect to every 1% of the corrosion
increment [3]. The load carrying capacity
and the stiffness of the beams decreased
with the increase of the corrosion level [4,
6]. Long term corrosion process done
under 26-years chloride
showed a shift failure mode from shear to
flexural failure due to the large effect of
corrosion [5].

On the other side, there have been
some studies on the rehabilitation technique
of using the externally bonded CFRP sheets
to restore the load carrying capacity of the
corroded RC beams. Al-Saidy et al. [7] used
CFRP sheets to repair the corroded beams.
Results showed the repaired RC beams was
capable of reaching their original designed
load capacities. U-wrap CFRP sheets were
utilized to retrofit RC beams with corrosion
damage [8]. The flexural load and stiffness
capacity of the corroded beams were
successfully increased.

To elaborate the use of externally
bonded FRP sheets as a rehabilitation

environment

environment
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technique for corrosion-damaged RC
beams available to engineers and owners
in order to confidently select this method
for such a work, this study is aimed with
the objectives of 1) to investigate the
electrochemical process on corrosion of
tensile reinforcing steel of RC beams with
3 three different levels of weight loss 15%,
30%, and 50% of steel reinforcements, 2)
to experimentally determine the structural
behavior and ultimate strength of defected
and repaired RC beams, 3) to evaluate the
use of externally bonded CFRP sheets as a
repair methodology of the corrosion-
damaged RC beams.

2. Experimental Program
2.1 Accelerated Corrosion Process

An electrochemical process was
used to accelerate the corrosion of steel
reinforcements of RC beams [1]-[9]. First,
the RC beams with 28-day concrete
strength were partially submerged in a
cement tank with 5% concentrate of
sodium chloride solution. A power supply
with a direct current (DC) of a maximum
output of 35 amperes (A) at 12 volts (V)
was used for this process. The tensile
reinforcements were connected to the
positive side (Anode) and the stainless
steel rod was connected to the negative
side (Cathode) of the DC power supply.
The desired degrees of corrosion were set
to 15%, 30%, and 50% of their original
weights. A common method to determine
targeted levels of corrosion employed in
this study is based on Faraday’s Law. The
theoretical mass of rust produced per unit
of surface area could be determined using

Faraday’s law [2] as illustrated in equation

(1)

114,

A= TF (1

where
AW = weight loss of steel bar (g)

I = electrical current applied (Ampere)
t  =time for desired weight loss
(Second)

Am = atomic weight of steel 55.85 g/mol
Z =the valence of the reaction equal 2
F =Faraday’s constant

(96,500 Coulomb/mol)

A schematic  diagram  and
experimental setup of the accelerated
corrosion process is shown in Fig.1. In
order to successfully obtain the different
levels of reinforcement corrosion of 15%,
30%, and 50%, the relationship between
duration of the impressed current () and
the applied current (/) was regularly
monitored within 6 hours a day. It is
important to note that the current can’t be
kept constant, therefore, weight loss of
steel need to be recalculated daily. Fig.1
also demonstrates an example of applied
current (/) plotted against time (7). The
areas under the curve were calculated
using a graphical analysis software. The
acceleration process was terminated when
the targeted corrosion levels reached.
During a corrosion process of steel,
a swelling of steel bars can be expected
because of increasing of their volumes.
This can lead to significant expansive
forces generated in concrete as shown in
Fig.2. Then, further spalling and cracking
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of concrete cover can be projected and
speeding acceleration of reinforcement
deterioration, even more.

(=1 % ]

Current (1), Amp

1000000
Time (1), se¢

Fig. 1 Acceleration corrosion process

Radial Expansive Stresses
due to Corrosion

N

Crack

Fig. 2 Tensile stresses and crack at
concrete cover due to corrosion

2.2 Repair Technique
The externally bonded carbon fiber

reinforced polymer (CFRP) composite
sheet was utilized as a rehabilitation
technique for this study. The repair
processes were classified depending on
the levels of corrosion as a low level of
15% and 30%, and a high level of 50%.
For the low corrosion level, there was
nothing additionally applied to the beams,
except cleaning the remaining undamaged
concrete surface by using a grinder and air
blower. Then, the CFRP sheets were
directly attached to those bottom beam
surfaces. On the other hand, for the high
corrosion level beam, the deteriorated
concrete was removed and replaced using
the high strength cement, SikaMicro SCC.
As well as, the corroded reinforcing steels
were replaced with new steel bars of the
same diameter. Fig. 3 illustrates CFRP
sheets were applied to the bottom surfaces
of beams as shown in Fig. 4. Electrical
strain gauges were also attached to the top
and bottom surface of concrete, as well as
the outer surface of CFRP sheets at the
middle span length of beam as shown in
Fig. 4. It should be noted that all repair
processes were done by specialists from
SIKA product.

Fig. 3 Repair of specimens group 2
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20cm

10 cm 10em

260 cm

i SG @top surface of concrete i
-

SG @bottom surface of concrete

SG @CFRP outer surface

Fig. 4 CFRP sheet and strain gauge
locations

2.3 Test Setup

A flexural test was performed for all
beam specimens supported over a span of
2400 mm under the displacement control
of the four-point transverse load scheme
up to failure. The test was performed
using an Universal Testing Machine with
the maximum load capacity of 1500 kN.
The beams were simply supported on top
of a custom-made steel H-beam. The four-
point loading scheme was applied by a
hydraulic actuator through a load cell of
500 kN placed at the center of the other
custom-made loading steel H-beam. The
vertical displacement of the beams was
monitored using LVDT attached at the
bottom of the middle span of the beams,
directly in line with the load cell. All test

data from the load cell, LVDT, and
actuator were stored automatically in a
data logger connected to those
instruments. All specimens were painted
with a white color to observe crack
development and marking. Fig. 5

illustrates the test setup sketch along with
a photo picture in the laboratory.

Actuator UTM
Load Cell

%IIIIIHT 1] Tllllll%

2-DB12

400 mm H— RB%@ 20mm

4-DB12

Fig. 5 Experimental and instrumentation
setup

2.4 Material Properties

A ready mixed concrete with normal
cylinder strength of 24 MPa was used to
cast all RC beam specimens. Deformed
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steel bars used as a main reinforcement
have a nominal yield stress of 400 MPa
and ultimate tensile stress of 600 MPa.
Rounded steel bars with a nominal yield
stress of 240 MPa and ultimate tensile
stress of 400 MPa was used as stirrup bars.
All repair materials SIKA products was
selected as the repair materials for this
study. SikaWrap300C, SikaDur330, and
SikaMicro SCC were used as CFRP
sheets, epoxy, and cement grout,
respectively. The mechanical properties of
materials used in this study such as
concrete, steel, CFRP sheets
(SikaWrap300C), SikaMicro SCC, and
Sikadur330 can be seen from Table 1.
The mechanical properties of all Sika
products are also available online.

Table 1 Mechanical properties of materials
used in this study

Yield Ultimate  Elastic
Material Strength Strength Modulus
(MPa) (MPa) (MPa)
Steel (DB) 400 600 200,000
Steel (RB) 240 400 200,000
Concrete - 24 -
SikaWrap
300C - 3500 220,000
SikaDur .
130 - 30 3800
SikaMicro 262
scc ) 3803 i

("in flexural, >3 days, * 7 days)

2.5 Specimen Details

The experimental work was
conducted at the structural laboratory of
civil engineering department, Burapha
University. Seven RC beams with a cross-
section of 200x400 mm with a supported
span length of 2400 mm were tested under

the four-point transverse load up to
failure. Dimensions and reinforcement
details of beam specimens are shown in
Fig. 5. Four 12 mm diameters deformed
bars and two other bars with same
diameters were used as longitudinal
tension and compression reinforcements,
respectively. For stirrups, 9 mm diameters
rounded bar was placed at a spacing of 20
mm along the span length. The
experiments were categorized into two
groups as presented in Table 2. Groupl
consists of the control (Undamaged)
specimen and the corrosion-damaged
specimens with weight loss of tension
steels by 15%, 30%, and 50% of their
original weights, named as B0, B15, B30,
B50. Group2 represents the same set of
repaired specimens by using a technique
of the externally bonded CFRP composite
sheets, given as B15F1, B30F1, BSOF2.

Table 2 Repair details of specimens

Group Beam  Desired Weight CFRP
Loss (%) Layer
BO 0 No
I B15 15 No
B30 30 No
B50 50 No
o B15F1 15 1
B30F1 30 1
27 B50F2 50 2

* No repair of concrete and steel

*and * label the low and high corrosion
respectively.  Their  repaired
methodologies are described in topic 2.2.

B

levels,

3. Experimental Results and

Discussion
3.1 Actual Weight Loss of Steel Bar

The electrical current (/) applied to
each steel bar as shown in Fig. 1 and time



94 21357159V INITUAL IV ums.wszuas TN 15 aUuil 2 nsngIAu-5u21AN 2564

Table 3 Area under /- curves of steels

Area Under Curves I-¢
(Amp. x Sec.) *10°

Beam
Bar# Bar# Bar# Bar# Sum
1 2 3 4 #1-4
BO NA NA NA NA NA

B15-1 230 1.14 034 224 6.03
B15-2 091 1.72 099 230 593
B30-1 260 330 340 273 121
B30-2 042 240 426 3.06 154
B50-1 397 640 337 574 195
B50-2 128 397 232 7.01 26.1

Table 4 Desired and actual weight loss of
steel for beam specimens

Initial Loss Desired Actual

Beam Weight Weight Weight  Weight
Wi(e) AW (g) Loss Loss
(%) (%)
BO 9413 0 0 0
B15-1 9413 1743.21 15 18.52
B15-2 9413 1715.14 15 18.22
B30-1 9413  3480.35 30 36.97
B30-2 9413  4443.11 30 47.20
B50-1 9413  5635.64 50 59.87
B50-2 9413  7553.35 50 80.24

(¢) for desired weight loss are presented in
Table 3. To calculate the actual weight
loss of steel bar, the corroded
reinforcement bas were removed from all
tested specimens after the flexural tests,
and labeled. Then, the steel bars were
cleaned and re-weighted without any dust.
Since the initial weights of each steel bars
were recorded before casting. Therefore,
the actual weight loss of steels from the
corrosion process can be computed
according to equation (1). As can be seen
from Table 4, the actual weight losses are
higher than the desired corrosion values
predicted from equation (1) with average
discrepancy under 10%, except B50-2
with 30.24%. Since the applied current

was not switched off on the schedule;
therefore, it leaded to more weight loss
than original anticipation.

3.2 Load-Deflection Responses
A comparison of load-displacement

responses at the middle span of specimens
for each group is given in Fig. 6a. The
load-displacement was obtained from
LVDT and the load cell attached to test
specimens as presented in Fig. 5. As seen,
three response regions can be clearly
identified, corresponding to the moment-
curvature diagram of a typical reinforced
beam subjected to a bending moment [13].
The control beam (B0) prematurely failed
with a maximum load of 209 kN at a
displacement of 9.1 mm. This failure load
was rather different from an ultimate load
calculated by the designed equation from
ACI 318 [11] without a strength reduction
factor (¢) as shown in Table 5 (152 kN).
The specimens B15 and B30 have almost
identical responses including crack, yield,
and ultimate loads, except values of B15
slightly higher shown in Fig. 6b. Also, the
stiffness in the service stage of B15 was
somewhat similar to B30. Therefore, it
leads to conclude that no significant loss
of the flexural capacity of beams B15 and
B30 was detected from this experiment.
Nevertheless, the beam B50, the specimen
with the highest corrosion, displayed a
significant reduction in all loading stages.
It failed prematurely due to a rupture of
the corroded tensile steel reinforcements.
As shown in Fig. 6c, after repairing
of B15 and B30 by externally applied
CFRP sheets to the surface of the bottom
concrete, significant increment of the
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yield and ultimate loads were observed.
Besides, the deflections at the yield and
ultimate loads of these two specimens also
occurred at the same value. The stiffness

350

+—50

300 --- B15

--- B30
--- B50
--- B15F1
--- B30F1

Load (kN)

--- BSOF2

-
piee-sem

0 10 20 30 40 50 60
Deflection (mm.) (a)

300

+—80
.| 28815

~
%]
S

34830

g

4-o---850

-
@
S

Load (kN)

100 -4

0 10 20 30 40 50 60
Deflection (mm.) (b)

5.1 +—80

300 /:;l“ 5-a---B15F1
' 6
‘ e -
| i

................... 6--a--- B30F1

|- B50F2

Load (kN)

0 10 20 30 40 50 60
Deflection (mm.) (C)

Fig. 6 Comparison of load-displacement
responses (a) overall, (b) groupl, (c)
group2

and the load responses at the yield and
ultimate points of B15F1 were much
higher than those of B30FI, clearly
causing from the lower corrosion levels in
the steel reinforcements of B15F1. For
B50F2, major enhancement of the yield
and ultimate loads were noticed from the
test result, but in contrast of deflection.
Although F50F2 with two layers of CFRP
sheets initially showed higher stiffness
than B30F1, its stiffness started to decay
until reaching the ultimate load, resulting
from debonding of the epoxy material.
The experimental and theoretical
comparison of the ultimate load, along
with the relative load capacity ratios
between the test and computed results
based on the flexural capacity of beam
cross sections are listed in Table 5. The
ultimate loads of beams, B0, B15, B30,
and B50 are computed by ACI 318 [11].
The corresponding values for beams
BI15F1, B30F1, and B50F2 are calculated
from ACI 440.2R [12]. These ultimate
values are computed without the strength
reduction factor (¢). All theoretical
ultimate loads were calculated using
material properties available from Table 1
with the assumption of bond-perfect RC
beams by neglecting the actual bond
characteristic, the corrosion damage in the
longitudinal reinforcements and the
contacted stirrups, and damage in the
surrounding concrete. The effect of
weight loss of longitudinal reinforcements
is incorporated to calculation by reducing
in the steel diameters, equivalently to
85%, 70%, 50% of their original sizes,
with respect to B15-B15F1, B30-B30F1,
B50-B50F2. The mechanical properties of
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Sika products are available online. Some
necessary parameters of SikaWrap 300C
for computing the flexural moment
capacity are available in Table 1. Also, its
thickness of 0.167 mm per one layer and
the laminate elongation at break in tension
of 1.59% are obtained from the product
data sheet.

Table 5 Ultimate load comparison
between experiment and ACI code

Ultimate Ultimate Relative
Load Load Load
Beam (ACI) (Exp.) Capacity
Px Pu Ratio
kN kN Pu/Pu
BO 152 NA* NA*
B15 129 238 0.54
B30 107 245 0.44
B50 78 70 1.11
B15F1 302 323 0.93
B30F1 285 305 0.93
B50F2 271 134 2.02

increment
between non-repaired corroded beams and
those repaired with CFRP sheets are
shown in Table 6. It can be concluded that
the reduction of the yield and ultimate
load is clearly detected with the increasing
corrosion. Moreover, the externally
bonded CFRP sheets efficiently enhance
the stiffness and strength of corroded
beams.

Comparison of load

Table 6 Load increments
Load Increments (%)

Beam

Yield Ultimate
B15 235 238
B15F1 279 323
% 18.72 35.71
B30 230 245
B30F1 260 305
% 13.04 24.49
B50 55 70
B50F2 60 134
% 9.10 91.94

Exp. = Experiment

NA™ = Test data is either unavailable.

As seen from Table 5, theoretical
ultimate loads of B15 and B30 are in the
range of 44%-54% of measured from the
experiments. It shows that ACI 318 design
provision predicts quite conservative
values of the ultimate load capacity (Pn)
for the low corrosion beams. Oppositely
observed with the high corrosion beam,
B50, the ultimate load computed by ACI
gives about 11.1% higher than the result
from the experiment. ACI 440.2R design
provision slightly underestimates the
ultimate loads by margin of 7% for both
B15F1 and B30F1, and significantly
overestimates the ultimate capacity of
B50F2 by 102%.

The crack, yield, and ultimate loads
from the experiment are summarized in
Table 7. Since the control beam (non-
corroded beam), B0, tested data was
unavailable, the comparison made within
the different levels of corrosion are
discussed instead. For the low corroded
beams, B15 and B30, the results on yield,
and ultimate loads are almost the same,
with less than 3% discrepancy, and 10%
difference for the crack load. However,
significant reduction of those loads can be
detected with the high corroded beam,
B50, comparing to average values of B15
and B30, by approximation of 50%, 74%,
and 72% for the crack, yield, and ultimate
loads, correspondingly. The ratio of
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ultimate to yield capacity of the corroded
beams shows increment of the load
capacity ranging from 1%, 7%, and 27%
with respect to 15%, 30%, and 50%
corrosion. This post-yielding performance
of corroded beams was caused from the
tensile behavior of the corroded steel bars
suggested by the pervious literature [5].

Table 7 Loads from the experiment

Beam Crack Yield Ultimate PuJ/Py
Load Load Load
(kN)  Py(kN) Pu(kN)

BO 60 NA* NA* NA*
B15 50 235 238 1.01
B30 55 230 245 1.07
B50 20 55 70 1.27

B15F1 NA® 279 323 1.16
B30F1 NA® 260 305 1.17
B50F2 NA® 60 134 2.23

NA™ = Test data is either unavailable.

For the corroded beams with CFRP
sheets, B15F1 and B30F1 exhibited
almost the same yield and ultimate load
capacity with less than 8% and 6%
difference. During the post-yielding
behavior, B15F1 and B30F1 showed 16%
and 17% increasing in the load capacity.
Moreover, the strong post-yielding
behavior was observed from B50F2 with
123% load increment. However, after the
ultimate loads, sharp drop of the load
capacity was noticed for all three CFRP
beams, corresponding to the delamination
failure of the fiber material. For B50F2,
two load jumps were observed during the
post-yielding period resulting from
redistribution of the load capacity from
concrete to CFRP sheets at the support.

3.3 Ductility

The impact of corrosion on the
mechanical behavior of the beams was
reported using the ductility index. The
ratios of displacements at the yield and
ultimate load extracted from Fig. 6 were
calculated and shown in Table 8. Since
the control beam (B0) prematurely failed,
a comparison with BO was unavailable
from this study. The results clearly
indicate that ductility decreases from 4.39
to 3.64 when the corrosion levels
increased from 15% to 50%. Especially,
B50 has ductility decreasing by 17%, and
11% with respect to B15 and B30. The
beams with CFRP sheets, B15F1 and
B30F1 display ductility of 2.01. Much
higher ductility of 8.73 can be founded
from BS50F2. Nevertheless, no clear
conclusion can be made on the effect of
CFRP sheets to improve ductility of the
corroded beams. It seems that CFRP
sheets has no effect to ductility
improvement for the low corrosion beams,
B15 and B30. On the other hand,
significant ductility enhancement of 140%
can be detected for the high corrosion
beam, B50.

Table 8 Deflection, and ductility of the
experiment specimens

Deflection at Deflection at Ductility

Beam Yield (Ay) Ultimate (Au) (Av/Ay)
mm mm
BO NA* NA* NA®
B15 9.1 40 4.39
B30 9.8 40 4.08
B50 2.5 9.1 3.64
B15F1 9.2 18.5 2.01
B30F1 9.9 18.5 2.01
B50F2 1.5 13.1 8.73

NA™ = Test data is either unavailable
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3.4 Failure Mode

A typical failure pattern of a beam
subjected to a fourth-point load test was
illustrated in Fig. 7, described as follows.
Type 1 fails by flexural failure of the
bottom tensile reinforcement in which a
ratio of the tensile reinforcement is low.
Type 2 fails by crushing of top concrete
where a ratio of the tensile reinforcement
is high. Type 3 is shear failure which
significantly induces from insufficient or
high spacing of the stirrup reinforcement.
Type 4 fails by a combination of flexural
failure of the bottom tensile reinforcement
and shear failure.

@‘
B
®

Fig. 7 Typical failure pattern of a beam
subjected to a fourth-point load test [9]

Fig. 8 is the photos of tested
specimens, B0, B15, B30, B50, B15FI,
B30F1, B5OF2, relatively. For groupl,
when the load was gradually applied to the
beams, multiple flexural cracks appeared
perpendicular to the bottom surface in the
middle third span of the tension zone, and
started to propagate and widen. Flexural
yielding followed by concrete crushing
occurred for all specimens in this group,
except BO and B50. The flexural-shear
crack of B0 was so severe leading to
failure before crushing of compression
surface of the beam. On the other hand,
B50 failed by significantly widen of the
vertical crack perpendicular to the bottom
surface and following with a rupture of the

Fig. 8 Crack patterns and failure modes
of test specimens

corroded tensile bars. Specimens B15F1,
B30F1, and B50F2 have the crack patterns
similar to those of the previous group. The
failure mode B15F1 and B50F2 can be
described as Type 4 which failed by a
combination of flexural failure of the
bottom tensile reinforcement and shear
failure with fracture of CFRP sheets at the
support. However, B30F1 can be
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pronounced as Type 1 which failed by
flexural failure of the bottom tensile
reinforcement and fracture of CFRP
sheets at the middle of the beam span. It
should be noted that there is no failure in
epoxy material obviously noticed from the
test. This maybe results from the
additional CFRP sheets wrapped around
the beam cross section at the supports.
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Considering the load
ductility, and failure modes together, it
can be concluded that corrosion results to
large corrosion cracks and spalling, which
reduce the bond between steel
reinforcement and  concrete, thus
decreasing the bending stiffness of the
beams. Nevertheless, this effect is not so
obvious as the loss of ductility and
capacity.
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Fig. 9 Concrete and fiber strains for specimens
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3.5 Concrete and CFRP Sheet Strains

In order to determine effectiveness
of concrete and CFRP sheets, electrical
strain gauges were attached to the top and
bottom surface of concrete and also outer
surface of the CFRP sheet as shown. Fig.
9 illustrated variation of concrete and
CFRP sheet strains against beam
deflection. The results showed that
concrete strain at the top surface of beams
subjected to compressive loads clearly
declined with increasing of the corrosion
levels. The reversed behavior was
detected for the bottom surface of beams,
where concrete was in the tension zone. It
was also noticed that higher degree of
corrosion, lower activity of concrete was
detected. This behavior caused from
increasing of micro-crack inside the
concrete with higher degrees of corrosion.
When those specimens subjected to loads,
the tension force quickly transferred to the
tensile steels. This phenomenal leaded to
sharply drop of the concrete strain with
progress of the deflection. For the repaired
specimens with CFRP sheets attached to
the bottom surface of the beams, the
gauges on CFRP sheets obviously
confirmed the activity in tensile stress of
the CFRP sheet. However, the study
showed an inconclusive result to relate the
levels of corrosion and activity of concrete
strains causing from CFRP sheets.
Therefore, the future study on this topic
needs to be conducted.

4. Conclusion
The main conclusions drawn from
the experiment are as follows:

1) The electrochemical process to
accelerate corrosion in steel
reinforcements of the RC beams
successfully represents the corrosion
behavior to the RC beams in the nature
environments such as cracking of
concrete, etc.

2) The corrosion levels predicted by
Faraday’s law well agree with results from
the experiment.

3) Significant deteriorations in the
yield capacity, ultimate capacity, and
ductility are recorded due to the corrosion.

4) The test results indicate that
significant gain in the flexural strength
can be achieved by the bonding CFRP
sheets to the tension surface of the
corroded beams by up to 92%.

5) The use of CFRP sheets as an
externally bonded to the bottom surface of
the repaired RC beams proves to be
efficient and provides sufficient in terms
of strength and ductility for the low
corrosion beams.

6) ACI 318 design provision
underestimates the ultimate loads from the
experiment by 44%-54% with the low
corrosion beams, B15 and B30, and
overestimates by 11% with the high
corrosion beam, B50.

7) ACI 440.2R design provision
slightly underestimates the ultimate loads
by margin of 7% for beams B15F1 and
B30F1, and significantly overestimates
the ultimate capacity of BSOF2 by 102%.

Finally, the future study needs to be
carried on evaluation of the ultimate
flexural and shear capacity of the corroded
steel reinforcement beams repaired with
the externally bonded CFRP sheets,
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especially with the high degree of
corrosion-damaged RC beams.
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Abstract

This study aimed to use Poka-Yoke techniques to help prevent errors and reduce loss in Front
Side Fender Model assembly process. The researchers used four tools in the 7QC tools which were
Check Sheet, Cause-and-Effect Diagram and Graphs to search for causes and ways to solve problems
and Cause and Effect Matrix and ECRS Techniques. The study revealed that the main cause of the
problems was that the incorrect assembled side fenders were submitted to another department. This
mistake had bad effects on time and workforce spent for correcting work including more expenses.
The mistakes occurred because there was no tool for detecting errors in the work piece. Therefore,
the researchers use Poka-Yoke techniques in order to decrease errors by designing a control system
for target detection while it was moving through the process. After collecting data, the study showed
that before the improvement during January to August 2019, the number of problems caused by the
process were 0.093. However, the number of problems after the improvement during September to
December 2019 reduced to 0. It was obvious that this improvement reduced the loss from the front

side fender assembly process up to 100.

Keywords : Quality Control; Loss; Assembly Process; 7QC Tools; Car Parts; Poka-Yoke Techniques
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Abstract

Premna trichostoma Mig. (Lamiaceae) mainly distribute in Asia including Thailand. Folk healers
use this plant to treat fever as a juice, splash, and bathe. The aims of this study are to evaluate the
quantity of active constituents and antioxidant activity of P. trichostoma leaf extract. Total phenolic
compounds were determined using Folin-Ciocalteu method. Total flavonoid contents were
determined by Aluminum chloride method. The amount of apigenin and kaempferol contents were
analyzed by high performance liquid chromatography (HPLC). In addition, the antioxidant activity was
evaluated by DPPH and ABTS assay. The results showed that total phenolic contents, total flavonoid
contents, and the amount of apigenin and kaempferol of P. trichostoma leaf extract was 46.45+15.30
mg GAE/g extract, 25.48+2.02 mg CE/g extract, 11.16+0.04 and 4.54+0.08 pg/ g extract, respectively.
The ICsy values from the DPPH and ABTS assay was 117.50+1.22 and 36.14+1.53 pg/ml, respectively.
This study shows the antioxidant properties and active constituents of P. trichostoma leaf extract

which indicates the potentials for further development of this plant.

Keywords : Premna trichostoma; Total Phenolic Content; Total Flavonoid Content; Antioxidant

Activity

* Corresponding Author. Tel.: +66 7428 2722, E-mail Address: nonglukkunworarath@gmail.com



120 2155153V INIUSL IV uns.wszuas TN 15 aduil 2 nsngIAu-sua1AN 2564

1. unun

fyayulwsifuunasvesaisngnuiadl

P

(Phytochemicals) fifignin1931a1m da0819904
ansngnuadifidifey 16un weanased (Alkaloids)
fignsdunisdniav warldidusnseudan [1]
a15Usenauiluedn (Phenolic Compound) ﬁqwé
AueulaBasy [3] Mumsdniau seiulin [2] uay
anld [4] a15Usynaunailiuses (Flavonoid
Compound) figniueyyadasy Fun1sdniau
sz¥uvan 15l uazanld (6 Fedunisdnun
psdUsENaUMaNgnAll LagnnEnaTanInes

o ' o

asafnaniivayulnsdsianudrdgsonisin
ayulnslulddnunlsn Inlanzegedagnisiu
oyyadasy Juduiinsuiuiiteyyadase e
ozneuvIelulanavesansiiiBidnasoulanifen 1
Bidnmsouningvinliesmenuioluanaiuiaien
idnnseuanezaeNvdelulanaduuingiiely

prnuvsoluanatuaiesuINTY dwaliosnoy

a

= =2 a [ a
seluanaiignisdianaseuly naneilueuyadase

U

Aaduujasengnls iliAnnsasunvands
wrivsaldenienineesgas vinliwadideniey
gaudonti uazdawalmdulsafitinainaiy
VEeudnIne89319n1e (Degenerative Disease)
SedueyyadasziifiinniAullagyinliiduaudes
son1siialsanatevila 1wy lsauzise lsavaen
Foadu SnsadaiinavinlnAald [7], [8] waznns
dnauludiunng 9 989379018 [9]

nztlenLase (Premna trichostoma Miq.)
Jnogluied Lamiaceae An13n38 1 ugluLY
wiesuicdulsymalng Sauldludfviuuiom
Tundiy wariuiitulnsewizusnanian [10] vie
Mutulusnasaiulau warsunoniIunInas
Fontnana Bonfiwwdaiin “niguyn” dasasn

Ao sadadu Fainsilunslenmsaansuinmy

alau wareu iiesnwenisld ffeu Snviedony
soaunsldayulnsluana Premna Tuauvieadiu
wauteLlenziusondeslauazuaniningiuoan
diednuldwia e1n1suania Uanvies uile uaz
Shwnlsaunanse ansigaumsidenuiieluana
Premna 20 ¥ila fiansngnuiadfinainvate i
Glyceroglycolipids, ~ Favonoid, Ceramides, Iridoid
Glycosides, Megastismane, Diterpencids, Sesquiterpene,
Phenylthanoid W& Lignans %amsﬂizﬂawﬁ’ménﬁqwé
Frugadn fueyyadase dun1sdniay uazdons
wsuadanddudu (1] venaniafissaunuiy
Premna foetida Reinw. ex Blume 4 L‘ﬁuﬁﬂjaqa
WweiunglleniaTe da@15 Quercetin, Apigenin
Lay Kaempferol Feansdand afignsduoyya

fasy [12] wadeldwunisfinwianswgneainasy

< o

= o) =

QUENTINNVBINLTEALATD AIUUNITANYIATIL

JsilimquszasdiiiediasevimuSumasddy
uaznnAeUVEFLoLYABasT e saiatanly
nzuloaiaie Welduteyaidesulunisinuignd
msdinmdy o waziieidudoyaaduayunisly

anulnsrlinfivesmueiiuiiu

2. 52 08U35I8
2.1 A2819NBLAZITHMIBNEITANA

anulnsfldlunisfne fie Tunsilemase

o

Mivansvareife sunenIunIval Janinaga

Y

Mmnsnsvgeuenanvalivlag sA.n5.35a 8569d
(Voucher Specimen W. Paduka 1) uagiiufiegi
wysaulduial3AARs Sauaifie A1a3vTa3nen
1INgIFedatuasuns unluneileansaanun

v o

anaiauazen Aeliuie Fuluduidn 9

o

Alviaziden wanuinaulusnsidiu 2:1 (wiv)

ALLDILALY NTBIUNTLANLNTDAUBS 1 MIBLATDI

Buchner Suction Filter Wnansazanaflauriala



RMUTP Research Journal, Vol. 15, No. 2, July-December 2021 121

wirslaglalaSee Freeze Dry AMUINMIS0UAEYDY
d13a7nne1U (% Yield Crude Extract) n1ugns

Awans uasiivansarialiigamgdl 20 eswrnwaides

npuYNsVngEeUmely
UIUTNYDIRITRNANY
% Yield =< x 100

wminvesayulnsaniily

2.2 psAsiedsunuasusenauiluean

(Total Phenolic Content)

Aasrgrmusunaansuseneuiluedngiy
#2833 Folin-Ciocalteu Method &ssauiadann
Hsieh wazany [13] neldnsaunadniduans
INTFIU YIINIINAAOULAENALATALAIEUINTFIY
NSALNAAN (ANLTUTY 0.05-0.8 Hadnsumeo
fadans) vseasanalunzilenae (AIUTUTU
0.0312-10 fadnsuseiiadans) Ysuins 0.1
1adans Nuansayany Folin-Ciocalteu Reagent
V31105 0.25 1adans wavdindu Ysuins 3.9
faddns nauliidniu vuflguugiienduiian
1wt anndwdnaisazatelefouaisuaiun
(Na,CO,) fimnuidududosas 20 Usuias 0.75
fadans welidriu vuigamaiviendunan 2
Hlus farmsgandunasiinrmeindu 760 uilu
WA FBLATes Spectrophotometer Plate Reader
¥n1snaaeden 3 A% wazmUSunansUsEnoU
Nuodnsiuvetansfiad 191NN 1WuInTg U
nsawnadn Tumheladniuauyavensaunadnse

Untnansana 1 n3U (mg GAE/g Extract)

2.3 MyAszRldsunaasusenaunaly
198n (Total Flavonoid Content)
Iaszvmuiunuanslsznounailiusea
593 e Aluminium Chloride Method [14] T

T Fuluansuinsgu

Mn1snagoulngdiasazaieuInggIu
ANNTU (ANILTUTY 0.05-0.8 Taansuneiiadans)
nieansanalunzlleninie (ANMNGUTY 1.25-40
fadnsureladdns) Usuins 200 lulasdns waunu
arsazarslaiisnlulas (NaNO,) fiaarududu
fowaz 5 UTuns 75 lulasans vuilgaumgiivies
Wuaan 5 widl uaziivansazatvezgiifleunas
156 (ALCL) fiannudududosas 10 USuans 150
lulasans nauliidndiu duioamgiivieadunan 6
W wdntwdn 1 Tuand loieulensenles
(NaOH) U311ns 5 lulasans waslvmdniu daaims
@mﬂﬁmmﬁmmmm?{u 510 wiluns feLa3eq
Spectrophotometer Plate Reader ﬁﬂﬂﬁiwmaaﬂﬁgﬂ 3
a1 warwUSunaansuseneualauesssinTes
a15820819910n5 MU0 sgIuANTY Tuniae
findn3uauyavosnndusiotminarsada 1 niu

(mg CE/g Extract)

2.4 n1531A129UTUUE1T Quercetin,
Apigenin way Kaempferol

N153LAS189UTUU Quercetin, Apigenin
wag Kaempferol a1nansanalungilunainlagis
High Performance Liquid Chromatography
(HPLO) F9smutasann Dianita way Jantan [12] Tne
Tmoauyl Hypersil ODS C18 (250 x 4.0 fiadtuns
5 lulasiung) Ygaatdeuiiuszneusie gata
wadoudl Afe 0.1% Phosphoric Acid Way B #®
Acetonitrile 1¥n1531As1¥MUUU Gradient Elution
Tneidnaduvesigniandoud AB faatdig
Fail w0 Smsndau 85:15 Wi 20 Smsrdn
15:85 w1fifi 2225 §m51d9U 0:100 WAz U
28-30 9n31d2U 85:15 em91n15ina 1 Jaddnsee
W7 gaunniieeaud 25 ssrngaldisa Usuinsia
20 lulasans uaznsiatafinnnueniadu 360 wily

S\)



122 2155153V INIUAL IV uns.wszuas Ui 15 aUuil 2 nsngIAu-5u21AN 2564

AT1ERUTUIAL Quercetin, Apigenin Lhag
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Abstract

Aluminium alloys was used in the automotive parts industry increased, for compensate steel
parts material, due to its lightweight and good surface. Since, aluminium alloys are there relatively
low mechanical properties, although they can be deformed easily, but the major limitation is their
low formability. Especially, the less bending radius, which is often bending surface damaged easily.
In the present work, five-difference ratio of sheet thickness and bending radius for study to the
bendability of cold rolled aluminum alloys AA6016 at low bending radius. The bending test by Air-
bending method, according to ISO 7438: 2010. To compare the results every 15 degrees. The
mechanical behaviour, surface roughness, microstructure and damage evolution in the fillet region
were analysed by experimental research. The experiment clearly showed that the Spring-back angle
and bendability tend to decrease as the bending angle and material thickness increase. Due to the
high tensile stress on the bending surface, it effected to the surface roughness increases rapidly and
led to the damage on the specimen bending surface. The initial cracks occur on the middle of the
outer surface curvature and propagation in the shear plane pattern to the middle of the sheet

thickness along the grain boundary. This is the consequence of plastic deformation by bending test.

Keywords : Bendability; Aluminium Alloy; Air Bending; Damage Mechanisms
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Abstract

This research was aimed to study of the effect of dragging force on paper cone falling by using
the high-speed video analysis technique. Four different sizes of paper cones, ranged from 3.00-5.70
centimeter were used. The cones, having the same mass of 12 g and falling from 2.50 meters height,
were recorded for 240 frames per second and then were analyzed using the Tracker Video Analysis
software. The results showed that (1) all four different sizes of paper cones were not freely fall with
the Earth's gravity, due to indirect proportion with time of theirs speeds. The terminal speed of two
large cones having diameter of 5.00 and 5.70 centimeters were 4.42+0.03 and 3.97+0.04 meters per
second, respectively. Only 0.87% of these experimental values were different from the theoretical
ones. (2) The theoretical trajectory of these cones falling, using the terminal speed from the
experimental, agrees with the theoretical ones. (3) The experimental drag force showed a second
order function of the paper cone’s speed. The evaluated drag force, during terminal area, is
approximately equal to the cone weight. Thus, this technique can help students and teachers to

visualize simple physics phenomena and relate them to the physics principles learnt in the classroom.

Keywords : Falling with Drag; Paper Cone; High-speed Video Analysis Technique; Terminal Speed;

Drag Force
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Abstract

Nitrogen is an essential nutrient for plant growth. When the plants have been grown for a long-
term, effect to decreased nitrogen in soil and insufficiency of the plant growth. One biological method
for increasing the nitrogen content in soil is utilize of free nitrogen-fixing bacteria Azotobacter. Therefore,
the objective of this research was to search natural material suitable for Azotobacter fixation. The 10
natural materials were observed physical structure and investigated the ability of natural materials for
Azotobacter fixation. The results showed that water hyacinth and bagasse stalks were fixed the
Azotobacter of 2.43x10% and 1.94 x10° CFU per gram of each natural material, respectively. After that,
the selected fixed Azotobacter of water hyacinth and bagasse stalks were studied the growth of Brassica
Chinensis. This experiment was designed to 4 treatments. The first treatment was mixed of water
hyacinth stalks and the Azotobacter. Second treatment was mixed of bagasse stalks and the
Azotobacter. The third treatment was the Azotobacter only. The last treatment was soil only. The
results indicated that the average of plant growth include height, leaf number, root length, fresh weight
and dry weight of the mixed of water hyacinth stalks and the Azotobacter had significantly higher growth
rates than other treatments. The total nitrogen was also increased 1.4 fold in the soil. All results suggest
that the water hyacinth stalk is alternative for the fixation of the free nitrogen-fixing bacteria Azotobacter
as induce nitrogen in the soil and plant growth promotion.

Keywords : Azotobacter; Free Nitrogen-fixing Bacteria; Water Hyacinth; Immobilized Bacteria;

Brassica Chinensis
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m1579% 1 Biochemical characteristics of free

nitrogen-fixing bacteria Azotobacter,
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gﬂﬁ 1 Morphology of free nitrogen-fixing

bacteria Azotobacter on Berk N’free agar
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g‘dﬁ 2 Structure of natural materials under stereo microscope (magnification 40X) before dried (A)
Cattail leaf stalk, (B) Lotus stalk, (C) Banana stalk, (D) Sugarcane bagasse, (E) Coconut bract, (F)
orange peel, (G) Taxas mud baby stalk, (H) Papaya leaf stalk, (I) Water hyacinth stalk, (J) Canna stalk

y e Ll

i‘lJ‘Vl 3 Structure of natural materials under stereo microscope (magnification 40X) dried (A) Cattail

leaf stalk, (B) Lotus stalk, (C) Banana stalk

, (D) Sugarcane bagasse, (E) Coconut bract, (F) orange

peel, (G) Taxas mud baby stalk, (H) Papaya leaf stalk, (I) Water hyacinth stalk, (J) Canna stalk
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mi'N‘i?i 2 The total of Azotobacter bacteria
immobilized in natural material

on Berk’s N-free agar

Natural materials Azotobacter immobilized

in natural materials

(CFU/g)
Before After
Water hyacinth stalk 0 2.43 x108
Sugarcane bagasse 0 1.94 x108
Canna stalk 0 9.40 x107
Lotus stalk 0 8.97 x107
Cattail leaf stalk 0 8.90 x107
Coconut bract 0 8.13 x107
Papaya leaf stalk 0 4.27 x107
Taxas mud baby 0 8.33 x10°
stalk

Banana stalk 0 6.60 x10°

Orange peel 0 ND

ND = Not detected

A19799 3 The average of growth of Brassica
chinensis under different treatments

at 35 days planting

Treatment Height Leave Root
(cm) number length
(cm)
T1 3.87+1.66° 3.73x1.489 2.27+0.89¢
T2 5.80+0.18° 5.00+0.0¢  4.67+0.24°
T3 9.83+0.20* 6.60+0.37*  7.93+0.55°
T4 6.73+0.28° 5.49+0.28° 6.00+0.41°

Mean value + standard deviation

abed different letters in a column are significantly
different (p<0.05) according to DMRT

Remark: T1 is Soil (control), T2 is Soil +
Azotobacter, T3 is Soil + immobilized Azotobacter
in water hyacinth and T4 is Soil + immobilized

Azotobacter in sugarcane bagasse

danuanunsansavaauuaiisenselulasiaule
1A UITBYeansITIM UazAme [9] 1ile
NTUNNATIASTINIINLANTVBS HARUVITLALINU
P08 NBUDULMILATNAIDUWIAY Fenadilaseasalyl
WANENSRULNN wansifets 2 viadiayaise

NuURREN1ITNSYINUanaele [17]

A15197 4 The average of fresh weight and dry
weight of Brassica chinensis under

different treatments at 35 days

planting
Treatment Fresh weight (g) Dry weight (g)
T1 3.14+ 0.619 0.36+ 0.044
T2 4.47+ 0.44¢ 0.57+ 0.03¢
T3 14.60+ 0.39° 3.06+ 0.30°
T4 7.68+ 0.54° 1.56+ 0.30°

Mean value + standard deviation

abcd different letters in a column are significantly
different (p<0.05) according to DMRT

Remark: T1 is Soil (control), T2 is Soil + Azotobacter,
T3 is Soil + immobilized Azotobacter in water
hyacinth and T4 is Soil + immobilized Azotobacter

in sugarcane bagasse
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|l before planting | after planting

total Mitrogen (%)

gﬂﬁ 4 The average of percentage of total
nitrogen in soil before and after planting in
each of treatment following T1 is Soil (control),
T2 is Soil + Azotobacter, T3 is Soil +
immobilized Azotobacter in water hyacinth
and T4 is Soil + immobilized Azotobacter in

sugarcane bagasse, in duplicate
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Analysis of Wind Speed Data and Annual Energy Potential at
Samoeng District in Thailand
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Abstract

In this study, the wind speed characteristic and evaluation of wind power generation at
Samoeng district, Chiang Mai were investigated using wind speed data and wind direction data, during
time of January 2011 to December 2011 and measured at a height of 20, 40 and 80 m above ground
level. It was found that the mean wind speed of 3.8, 3.92 and 4.30 m/s. While the mean wind
direction of 20.73% and indicating from the southwest. The mean of power density of 107 W/m?, the
shape parameter (k) was 1.715 1.633 and 1.783, scale parameter (c) of 3.649, 3.651 and 4.092 m/s,
the mean of wind shear coefficient was 0.19. The evaluation of wind energy for electricity generation
by install the wind turbine of Nordex N50 from Germany and Vestas V90 from Denmark were capacity
of 800 kW and 3 MW. It could produce annual electricity of 1,761,379 kWh and 3,772,400 kWh, and
the capacity factor show 25.13% and 14.35%, respectively. Finally, the results showed the northern

area of Thailand was suitable for wind power development in further.

Keywords : Wind Energy Potential; Electricity Generation; Chiang Mai; Thailand
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Abstract

This research article aims to study of the atomizer nozzle pattern in the gas atomization
process. The production of metal powder by using a gas atomization process. It is the most popular
process. This process is used in various industry and engineering application. However, there is lack
of information on the production of various precious metal powders in the jewelry manufacturing
industry both in the country and abroad. For this reasons, the research team is interested in applying
this process for the Thai jewelry manufacturing industry. Currently, the jewelry industry is in a
transitional period of manufacturing technology with an increased focus on powder metallurgy
technology. The production of metal powder by using a gas atomization process consisting of the
following 3 steps: melting, making of atomized molten metal, cooling and solidifying for solid particles
under a controlled gas atmosphere. Factors affecting particle shape, particle size, and particle size
distribution are consisting of inert gas type, molten metal temperature, and the configuration or
pattern of the nozzle that are different characteristics. The results can be concluded that Close-
Coupled Nozzle is the most suitable nozzle for production due to the highest productivity providing
the smallest particle size and spherical granular shape. The information from this study will be useful

for the Thai jewelry manufacturing industry.

Keywords : Atomization Processes; Atomization Processes with Gases; Atomizer Nozzle
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Abstract

This paper presents a mathematical simulation to compared to operations a small distributed
photovoltaic power plant in the distribution system. Practices transmission of electric power by small,
distributed solar energy With the PVSyst and IEC 61724 mathematical modeling programs, the main
objective was to study the % performance ratio photovoltaic power plants 5.95 MWp connected in
the distribution system of the Provincial Electricity Authority, voltage level 22 kV. Therefore, this paper
is presented as a mathematical simulation compared to operations a small distributed photovoltaic
power plant in a distribution system. The results of the study show that the operation of small
distributed solar power plants increases the efficiency to be able to produce the maximum electricity
and continuously. The system was able to produce the highest power of 8,954.9 MWh/year and had
an average annual efficiency ratio of 77.84%, receiving the highest solar radiation intensity and the

highest annual total energy output of approximately 1,837 kWh/m?.

Keywords : Photovoltaic; Irradiance; % Performance Ratio; Power Generation Capacity
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February 144.6 56.44 25.97 161.3 155.9 780.7 748.8  0.773
March 172.2 72.70 28.66 181.3 175.1 863.1 827.7 0.761
April 170.7 79.93 29.93 169.6 163.5 806.7 773.2  0.760
May 179.9 86.65 28.20 171.6 165.1 834.0 798.4  0.775
June 158.4 83.28 27.19 148.0 141.9 728.3 695.9  0.784
July 175.5 84.58 271.37 165.5 159.1 811.0 7755  0.781
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Legends: GlobHor  Horizontal global GlobEff Effective Global, corr. for IAM and
irradiation shadings
DiffHor Horizontal diffuse EArray Effective energy at the output of the
irradiation array

T Amb Ambient Temperature E_Grid Energy injected into grid
GlobInc Global incident in PR Performance Ratio

coll. plane
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