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ABSTRACT

Near-infrared spectroscopy can be applied to assess polarization (Pol) non-destructively. It can reduce
the analysis time compared to conventional methods in the laboratory. However, assessment by near-infrared
spectroscopy is a spot measurement on the sugarcane, not covering the surface of the sample. This research
applied non-destructive quality analysis using near-infrared hyper spectral imaging technique that can cover the
whole surface in scanning to create an image to evaluate the Pol value on the plane area of sugarcane surface.
This is an advantage compared to near-infrared spectroscopy techniques. In the study, 300 sugarcane stalks of
cultivar Khon Kaen 3 used were harvested at age between 8-11 months from Suphan Buri province. The Pol
values of the samples were in the range of 4.93-23.38%. The absorbance of each stalk was measured for in the
range of 900-1700 nm. Each cane sample was scanned and measured by placing it on a translational moving
platform which conveyed the samples past under the absorbance recording camera of the near-infrared
hyperspectral system. The partial least squares regression technique was used to create a Pol prediction equation
by studying the effects of wax on the surface of sugarcane. The results showed that the optimal models developed
from surface-cleaned sugarcane samples provided the best predictive performance. The determination coefficient
was 0.83 and the standard error of prediction was 1.52%. When using the best equation to predict the Pol value of
each pixel of the hyperspectral image to create color-mapped image, the color-mapped image visually showed the
polarization distribution map with corresponding color over the plane area of the stalk surface. The pol color
mapped image revealed that sugarcane at the bottom of the stem had higher Pol value than cane at the top of the
stem. The results of this study demonstrated the potential of near-infrared hyperspectral imaging techniques for

the future development of fast and non-destructive polarization probes.

Key words: sugar cane, polarization, near infrared, non-destructive measurement, hyperspectral imaging
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*SM = Savitzky-Golay smoothing with 3 smoothing points.

SNV = Standard normal variate.

1D = Savitzky-Golay Ist derivative with 15 smoothing points.
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2D = Savitzky-Golay 2nd derivative with 15 smoothing points.

MAS = moving average smoothing with 3 smoothing points.

MSC = multiplicative scatter correction.
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ABSTRACT

This work to study method for analyzing alcohol content expressed as percentage by volume of alcohol,
namely methanol, isopropanol and ethanol in a viscous alcohol gel that cannot be pipetted to exact volume. In this
study, the true density of alcohol gel was measured to change from weight to gel volume. The researchers then
measured the alcohol content with a headspace-gas chromatography flame ionization detector. Under the optimum
conditions, the test took only 15 min for all three compounds. The results were calculated as a percentage by volume
of each alcohol in the alcohol gel using the generated equation. There was a linear relationship between
concentration and response. The range studied according to the criteria regulated by the Ministry of Public Health,
methanol content does not exceed 5% by volume, while ethanol content should be more than 70% by volume. The
analysis range of methanol and ethanol percentage by volume were 0.04 - 7.06 and 0.48 - 96.62 respectively,
whereas isopropanol studied the small measurement range as same as methanol. This was because they are often
found small quantities in real samples. The percentage recovery ranged from 95.054+3.89 to 97.71+5.18 for both
methanol and isopropanol and 99.58+2.57 to 100.02+2.19 for ethanol. The precision of method was 3.19 - 5.36%

for both methanol and isopropanol and 0.95 - 1.84% for ethanol.

Key words: alcohol gel, true density, headspace, gas chromatograph
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[ g’/ a o dy =4 ad
aatuTagaglluanndsetiogfnyinis
a Jd A o [} 9
AT uInvedeansdoa IUNLIYS DAY

=y Jd A o [} =1
Tagd5u1aslumaneanoesasiianiod1anil

' Y '
aﬂ‘lelfllgﬂﬁﬂ TﬂEJﬂ'li%ﬂuWﬂuﬂﬁ’J@ﬂWﬂLlé}’J
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d' I a 9 1 ] d' Y A
1lagwilulsuasaleM10 M UHUILHUNLND3 9

Y [ 9 9 Y a
HAINTIVTAAN VT I UA g NATALaaa L
' o a Y A 1%
SUAUNTIATIEHAIATOAUNA 1ATN TNATIN
wieudumsaswaumsinamalimunzgsums
a Jd a a a A
ATz FIlTuvIavesasiseneudunigly

@ ' s
AIDYNLIALLDANDIDA

adl o A

ABANHUNTIVE

(Y} d
1. Meghavauvanddoa
o 1 ~ 9 a 4 g’z I
108190 1% 1un1s A1z N N ALty
#19619190110aN0IDAT AN HANLNTAINAT DL
o [ X a 4
o dninaTelioInemaasuazn1snaasy
a @ a 4 [
UHIINGAIAVAIUATUNST TAINIATTUAZIDNTY

%1491 2563 - 2564 31U 23 AIDH

14

2. M3y
1533 muea lolgInswiuea
£
HAZIBNIUDAFD 91N Merck KGaA (Darmstadt,
3 - 4
Germany) 111517910 looou (DI) WA INIAT 04
4 'd
MUIVIGNT Milli-Q (Merck KGaA, Darmstadt,

Germany)

msai 1 ﬁmaz"lumima@mmm%mﬂmﬂm

3. inveaile Rl lums3%e
iseanRalasuiinnsivsrusuds
asraiasiialanloos luisdu 877 Hewlet
Packard §¥ 6850 Tasan1IzmsnATon AvdUH
14 lumsiena1sie HP-Innowax AN 30 1A
iduruguinae 0.32 Tadwns ANNUIVDY
Wdu 0.25 Tulaswas guvigigouveunioufa
TasunInnsluuuasi 50 °C ifunar 9 wift é
asrviavtalanless luwduguigil 160 °C
g1 lnaunalalasou ueials uazlulasou

o

(M1 30, 300, 25 mL/min MUY QUHYNNINA
9

=t
)
(24
f

150°C dadua1siiineanil 1 o 50 1¥una

a A I ¢y @ . A
Fiaouniunnanidns1lva 1 mL/minin5o9
1gaeiladro Hewlett Packard 1 HP 7694 @012
da . 4. 4 o . d
Nduaaedansngd 1nseaiannuruintiugm
N34 (True density analyzer)?l‘lﬁsi}@ Micromeritics
5U AccuPyc IT 1340 1AT9IHI 5 A1UHUITH O

Mettler Toledo 1 AT261

anng Mt anng miiwa
Equilibrium temperature 80 °C Loop fill time 0.5 1M
Equilibrium time 15 Wi Loop eq. time 0.05 W17
Loop temperature 95 °C Pressurization time 0.1 VI
Transfer line temperature 150 °C Injection time 1.0 W19
Vial shaking on Vial pressure 15.2 psi
Loop size: 0.25 mL Carrier pressure 4.5 psi

4. M3AnEmInavnzanva unatiaaala
v J { {
narlumsanadlunanmuzaunldg
Aa d a A A 9 1
@13 NIAUATIEMNANITIAGDUNIUIIGA NG D

(Equilibrium time) s Nundvosdroaauazivle

vouaaalys Taslunisdnwiaziasenans
VIATFIUMNANAULTUTY 0.6 mL/L d115 U
wnvea lolyInswmivea uag 39.2 mL/L §115U

MUealTIIAT 100 mL tivasIasgIulaule
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iaal¥uInag 2 mL 311U 5 VIAADIAINANY
Tags9ananeIfe 5, 10, 15, 20, 25 1ag 30 WA
naann ldanzimmnzauvsanarlumsana
Y =2 a A ad 1 o
1d1 vzfnp1dszansainvedsneunisiiill
o @ @ 1 a
Uszgna l9nuaI0e1993
5. msAnYIYITaNTAINVDIIT (Analytical
performances)
= A a as =<
M3AnEITLaNTAINVIITILANYIAIY
w1l iauInsgIuves AOACY 2016 (AOAC,
2016) dMsunIsNade IS uIunsalaIsn
Id 4 o @ [l A [
aulauidusenilsznouranluaiedanaginia
= AR o &
TaglsemsnanyInatl
| Y v a d
5.1 AN udunswe 1139015 INIILH
(Applicable range)
= = 1
AN TAENITIATONTITUIATTIU F9
Y 9 A A A
ANVTVTUVDUATOINDAD 0.02 - 4.00 mL/L VD4
wmuea 1o Ts Inswiveauas 0.27 - 54.00 mL/L
) .
vouemuealudliviiazaieiil DI ¥99zaeandna
a ARl q' v
aulsuiaueanegsaaiutszneuninnuly
@ ] o
#1081919a1PAND IR S LAY APANR0ININUTENA
4 a 4
NsENsNAIsITUgUIeslSuinueanssod
1 a [ o o A @
arulszneulundannumyinanuazelnie ¥ad
o 1 o A A o I ]
11¥19mMIasdiaveansesile lilduraniluea
a 4 A ?z’l o 1
M3UATIZHYDITT 1INUUINAITNIATFIULADE
anududulSuas 2 mL laluvarataaeiile
° 2 y v a P A
31U 3 1A NuIUIY IR IEHa81AT 4
HS-GC-FID waveadgyanui ldvinnieriim
9 v o ! 9y 9
#3190 1N UaAIANUFUNUTIEHINNAN AT NVY
Yyosmsuaazyiauazdyarauninouaueenla
Yy a 1 Id 9 1
HAINITUIFIIAN WD WIFUATY Tagan
[ a Qd [ [ 4 2, A 1
gulseansandunus (R) ¥A1110031 0.995

(Van et al., 2002)

52 UA310ANISAIIVIA (Limit of
detection: LOD) 122 UA311AN15ATIVIALT S

13394 (Limit of quantification, LOQ)

A o W v A Y 9 o
VAIINANITATIVIAADAIULUVNUUAIFA

a

~ v Y o ) Y a
Vlﬁn]ﬁﬂﬁiﬁ]i]?]ﬂ"lﬂ VlWllﬂiﬂfJﬂﬁmiJﬁﬁiﬂ@li;’ﬂﬂu

() S Y o 1% 2 9
1”@3%1@3@118“1 DI 4aIn1n1sIa 10 “]ﬂllagsl‘ﬁ

PAIAIUVDITYYIUADAYYIUTUAIULINA

]

WIOIMN LAY (Signal to noise ratio, S/N > 3) Lag

VANANITATIVIAFIUS e AvTEauAIY

Y o

9 = a J = Y
WuduMgana oA 1zHds s 14y

q

Y [ ) 1 P o Y o
mmgﬂmmamuumagiummmmamﬂﬂ m

Tasmsiduansuasguludaiazaed bl uds
hmsia 10 91 uazldeandinvesdyy e
dyaaTUNIUINNNMWIMINUEY (S/N > 10)
(Shrivastava, 2011; Jullakan et al., 2020)

5.3 ANNUNY (Accuracy)

@

=2 2 Y A
Anv1lugiunuiesaznislanduau

o

° Y 9 oA
(% Recovery) ATUIUIINAITUVNUUHUDIATINIA

Yy 9

ldvesensuiasgrui@uas lusawnuanuaiudu
A~ 1 a . @ Y 9 Aa '
Niogiay (Spike sample) HnauaNUINIUNN oY
1A% (Unspike) 4138 8A N0 ut U@y as 11
° Iq 19 Y o A a
Auraduaidesazms ldnauauanmsanas
MaIgIuadludIg1
Taginanmsanuidesazmslanauauly
1081990919 a2 VOILIINT BUDIHAINIA
[l s ¥ @
30813 unspike LA spike sample foaraiivin
IR ndiRsanuie IRansonfFoumneuainula
] o [} o @ ~ A 1
1o wagduiluedanndmsuarsnaulanieglu
% L} U 1 =) é a wAa A
arednludadiufsunann dalumalfiae
i 9 o Y o @ [} 4
aout1am Igenlunsvidiegravatoanoaod

]
=

¥ 1 % % 1
110n13 spike 17N 1M1TNIN1AVAI0E19 unspike

]
2 v 1 A v

A5 uusn s EdnYuAIed 1N NTdn YU

D-

o q ¥ 1 o Y v
ﬂﬂ111’iﬂ’3‘1_lﬂllu1ﬂuﬂﬂ1ﬂ @6&1%&3@11&11&
= A g o Y 1
"INL”JE]1‘1/]1!11!%1!@1%1’]1‘114!,&@@ﬂ’08’E)aﬁiluﬂ'§$ﬂﬂll

= S
=) Re-
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[

Y1 Ay Y

szmgenn lanariildianld luaeandeany

9
a A [ Y a

I a [ dﬁl
anutuasefstalanas astuluauideil
A Y %’ Y a 1 %’ Y d'
awiaen 111 MIineTa%91111in 95 - 105 mg 7
& e v & .
¥a'laveavauvanaaed d1M5 VN unspike e
spike sample Tag spike sample %8@1!?#15111%’]5311&
' I 9 A o Y Y A
AUB1ANUTEUATI N 3 TEAUANUTUTUAD
1] E) 9 @ 9 9
FEAU 1 1ANTU 0.3 mL/L 52AU 2 19091 0.9 uay
FEAU 31VUTY 1.5 mL/L d1uSutyunIuea
[ 9 £
TolasTnswivea uazgszay 1 1Huau 15.0 mL/L
FEAU 2 WUTY 21.0 1ASTLAY 3 19UAY 27.0 mL/L
o [ o ] S &
dusuemueaasludisgiuvausanssoanya
¥ =) % o %‘
miin'13 Ysuilsuasdedritazatenn b 1w
Y A 1 @ Yy 9 .
18153195 5 mL uAarTLAUANMYNY UV spike

o ° Y Y v A 9
sample %ZiﬂlﬂﬂWU'Jmi@EJﬁZﬂ”IillﬂﬂaUﬂuTﬂﬂiaﬁ

H 4 H
ﬁ‘JJﬂ1§‘ﬁ@@ﬂLLUUﬁML@QE’?WWﬁUﬁNﬂWi‘ﬁ 1 uag

(WSp_ Wu) X Cy

Csu = w,
% Recovery = (W) x 100
A

= d‘ Y o ) U
aun1Iin 2 Vlllﬂﬂﬂuﬂﬁ\‘iiﬂﬂﬁNﬂWiﬂ"lu’Jm?ﬂ

Y o A

$p8arn13 1AndUANAIN AOAC (1998) Tagan

Y o A

] @ A [ Y
$oaznmslanaunuveamsanaaisneeusyld
81989910 AOAC (2016) Aivogluga3 90-107%
dmsur et uveaumuea o Ty Inswuea
VOITTAVANMANTUN 1 V04 spike sample (A
Wyt uvesdyIuaII9in 0.01%) tazoglugag
95-105% A1MSVFIIANWTUIUVDUUNIUDA
o Y g A
ToTa TnsmiuoaveaszauANUTUTURN 2 - 3 V04
spike sample (AT U T UV T Y 1UATIITA
0.1%) Hazod 1u¥I9 97 - 103% F115VFIIAIN
Yy 9 A Y Yy ¥ A
WUTUVDUONIUDA NILAVANWTUTUN 1-3

Y94 spike sample (ANUITNTUVDITRIQIUATIVIA

1.0%) (AOAC, 2016)

aumsn 1

AUMIN 2

4 1 1 s 3 o T . . |l
1o Cop, AO ANUANTUAIUANAMNMTFUIMITATENI spike sample 1182 unspike HHIY mL/L

¥ 1 4 =) 1
Ws, A1 thniinvesdiedsiiduasninsgiuas 1y (spike sample) 11178 mg

A ¥ @ (J ' A 1= a . [}
W, fo UWTTHﬂ"UENC?'I’JE)EIN‘V]M],JJEJﬂ”limiJ’dﬁiJ”lﬁijn:”lu (unspike) 1Y mg

A Y g A v Y a a v Aa 1A . .
Cr 79 ﬂamwuwuu‘ﬂ{51i’m’m'lwumﬁﬁﬂmmauﬂmmegmu (spike sample) U8 mL/L

Cy o anuduiuvesansludiedei lulims@uas1nas g1 (unspike) 1198 mL/L

A Y 9 A a o ' '
CA o mmmmmmmsmﬁigmmmaﬂﬂumsmaaw Yiu8 mL/L

= ..
5.4 AN (Precision)
= P 1 =
ﬁmgwiugﬂzmmaﬂmmummmu
[ o I a 4
WIATTIUTUNND (%RSD) 91NN15UATIZH A
Yy 9 A A
LVNVUNATIINUIINLATOI HS-GC-FID 94
g o ] 4
weansdeaalulsznovluaisgruvateansdsa
ﬁzﬁuﬁﬁmmgm 3 izﬁ’ummmsfmi'u ("];’Nﬂ’ﬂll
9 9 = [ =i 9 9 v A
L“UZJGUL!W]fJ’JﬂiJﬂ"IiﬁﬂHWi?JfJazﬂWillﬂﬂallﬂ‘Ll)
Yy g 3 o ¥ 2 % Y
AWV VIUAY 2 F1 UAZNIFINIVINA 3 AT U]

Y
swnuanuamIsalunsnaaeus lugiluny

' A A o v v '
%RSD Tasaranuneangensulanisiiaeni
6% VDITLAVANUITUTUN 1 tazilosnil 8% U9
o Yy 9 A o o Yy 9
FTAUANUTUTUN 2 - 3 FIMTUFAN WA NTY
vouumuea 1o lsInsniuea uaziiosnil 4%
1S VFIANVTUTUVDUONIUDA (AOAC,

2016)
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6. TUABUNITHIAIINHUIMHUUDINIVEUDD
uoanagoa
a 0 1 @ ]
UATILHAIANUHUUUUVDIAID19198
4 4 Y
11PANBEDAABIAT DY True density analyzer Tagdn
A 99 o JA 4 v q.
n3edlgrannsnmsunuinunIaludiela
@ 1 Y ¢ A A A ) o !
ADE19AIBUNATIATY INDUINIAIUIUHIAIANY
NUUUYDIAIDYI NTLUIUNMITAATIZHITUIN
mmsvateladiegsvinalsung 3.5 Taaans
4 o ° [l (Y] ] rd
PUIATOIF 5 dunne ladregraunaneansgoa
9 LY ] ] =1 %’ Y
sz 2 Tu 3 veaoreladingns Junniiniin
cs' ] [ 3‘, ) 9 LK% 1 1
Aunueu vasnnvuioleladleeralaaalu
1309 True density analyzer 11MINAADY 10 50U
2 o = ' A An v
MU HNAAIANUH IR AsN 1A T
nadouluniig g/mL
g’J [y d
7. YUABUMIINITENAIDE 1 IDADANDIDA
MIFIRDIUNDNMTNATIZHIZ TN TH
(J 1 ~ Y o =
Yog9adluviaaaa)snl¥ins Iz laens e ¥

Wuvaaiinnide delumsi@udiesiaindu

5ﬂBm$Lﬁa3ﬁﬁﬂ HazaAn15018 louN1¥ U

Lﬂ‘i1$ﬁ’aﬁﬁﬂﬁﬂﬂ1iiglﬁﬂm@ﬂuﬂﬁﬂ®?I?Jél Tag

L))

'
LY o

{ 1 g v g‘/ v
MINNYIFI9HID 95 - 105 mg Eﬂ?f]‘hl'hl‘]J‘uﬁﬂ

Toe

o

' Y
@ °

minNuUue Y 1AuaIMIaza181i1 DI tielSy
Y

151103519714 2 mL Tagd5unavesdiiazaisin
pI Al lunmsisudSuasszauiainaunsn

g [ = g‘/ (] Y I
OALUVIUIDIAIAUNITN 3 1A 191Tlu
zg S Y 9 zﬂ .
IHOIAYINUAIIATOINTN AT (Vortex mixer)
Uszurm 0.5 uIRud1a1502a19019619190

& A Pe 4

noanodod luraaadils 1U3ni1zid0nT 04
HS-GC-FID

A ] A P A

1119 1dHamMINATIZH 1MAT 09 HS-GC-FID
[ F) F) J
NIV NUTNY UVDAUDANB A dIUYTENOY

1 a d[ A
uAazya ¥9A0 uniusa lolsInswiuoa
HAZIONIUDA INAUNITIAUATIVDIFIING
a 7 A ~ y o Yy 9 A
IATIEHUYDUATOIND 1NV UUIANMWTUTUN
Y o I Y 9 9 2
Tdudnnatuanududuissaz Taslsuias
4 4

VDIOANDIDA IUIIALDANDIDARIIANNTT

< X o <
NODNUUUVULDIPNTUNITN 4

W .
Veolvent = 2-—= AN 3
gel
1o Veowent = USwasasavate DI l5l5u1/51as viviae mL
g v 1 cs' @ 9 1
W, = hmindledendala v g
1 4 ]
dger = ANUARUMUUVOUIAUDANDIOA WU g/mL
Caic X Vsol xd {
%ov/v = (—ge’) x 100 AuMsn 4
Ws
4 d a
1o %v/y = $ovazlaotSinasveaeansanaunaz riia
Jaa ]
Cate = anudutueansaadn ATz 14 Wi mL/L
Vsor = fSwnasarsazanesluviaeadiles viae L
1 4 ]
dger = ANUARUMUUVOUIAUDANDIOA HUIY g/mL

]/VS =

Y " oAd '
imindlegandala wie ¢



715815298 YH1IN8eNA 11 1ag51%0Aaf3 %8 15(3) : 584-600 (2566)

a v a q
HWNaN3IIAZIVIIUNA

o d
1. HAMTNATOUANNIUNIZ VDI ANDIDA
a sy a
Wan13 ALy oeas lavllSuiasves
& A ] a P

1HeaN®doa luva (Uo 1¥an1IENI5IUATIZHUDY
IAT99 HS-GC-FID uaadlasu1Inunsyve

@ ] @ A = A =Y
fegaaanni 1 ¥alasun Inunsunld lifinveq
daanaueneeniiniu laesisdanu lanarly
ﬂ1‘§ﬂﬂﬁ)§lj (Retention time) YUDILUNTUD D
ToTa Twswivoa uaziomuea WA 4.274, 4.645

WAL 4795 UINATUBIAVLALTAINITUED

591

. A ' =
(Resolution) HAMINAIT 1.5 Nna1ssznoy &9
uaasdemsuenvesiinvesdaaa ldsanuns
FOUNUNUUDINATDINT 0.15% AANUTUNIAT

o - '
(Symmetry) ¥od a1 v09Wn B ua1nda
ANNANNINTVBINADY 1UII 0.84 - 1.49 F1M TV

9
IUIUTUNITUINYDIT1T (Plate) L e A

1l5¢

) [

A1UTUNITUYINTT

a a 1Y 4 1 [ H
ansninvednoantaglusanmuIzay
dramaialasurInngil

31U Plate N 1d0g1ur79 37,912 - 42,022 plate

(Harris, 2010; Constantinos, 2018)

1600 -

1400
1200 _
1000 _
800 ﬁ
600 _
400 _

200 ]

o

1 54.274 - Methanol, MeOH

=4.645 - Isopropanol, IPA

——#-795 - Ethanol, EtOH

7T T T T

0 1 2 3

ML

4

LS.
T LA B L B B |

5 6 7 8 min

H v 1 4
i1 Tasun Inunsyvesumuea 1o lgInswiuea uaztomuoaludiediuaaioansaoad

2. naNzaNvaINAHAI A
NNTANH ANV AVVDIUNANA
A Y 9 A= o
igaals Taeaonn U NTUNANYILATATIVIA
4 ) a 4
Tae1A509 HS-GC-FID $1804n13 AT 1S 17
% a Jd v 1 a o [
ADANADIANUNIANIINATIEHAIH1903 9 A MU
a v o I
USuaanuaudurassiulraniudesaz Tae
a L 4
151195 U00ANDFOE 1UIDALDAND IO A AIY

aumin 4 azldanudududosas 1 Tasllsuas

oviy) AT UTUATIINY 0.6 mL/L d1151
wnvea JeleInswivea uazsosaz 70 las
31105 i) HANUTUTUATIINY 39.2 mL/L
dmsuemuoa (Cy) tio1fmasarsazarsly
waaataas 0.002 L (Vyp;) (MAUAAMNHUILUY
0.8946 g/mL (dge;) waziming1e619 0.10000 g
(W)
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4 a o a
LﬁfNﬂWﬂL'Jﬁ'lsluﬂ"lﬁ'JLﬂﬁW%ﬁ"llf]\‘iL‘Vlﬂuﬂ
HS-GC-FID N]‘D]ﬂﬁ@ﬂd?uﬁ@ IANTUA[UDINIG
[ a a 4
ﬁﬂﬂﬁ]iﬁ’ﬁﬂlﬂﬂuﬂlaﬂﬁlﬂ“ﬁ LAZIANITIAUAIICU
A = a SN @ ] =
VBUATDI GC-FID BIININITAUATIEUADNIDYINNY
1 a 4 1 1 1 1
WARBDLIAINITAUATICHIIN ﬁﬂNﬁﬁ@ﬂ]ﬁl%}fﬂ'lﬂﬂ'li
a s A 1 a a0 @ [}
'Jlﬂ313W‘ﬁLWN"’ﬁUW1ﬂL’Jﬁ1ﬂ133lﬂ31$ﬁﬁ@@3@ﬂ1\3
2 & Ay v = o ~
HIUVU Gﬂﬂwaﬂqﬂfﬂ']ﬂﬂ']iﬁﬂll']l;Lﬁﬂ\?ﬂ\‘]ﬂ']W‘ﬂ 2
L'J'ﬁWﬁ?Jﬂﬂ‘ﬁlWiJWgﬁumﬂﬂﬂqiﬁﬁﬂﬁ)?]ﬂlﬂﬂﬁﬂ
waaeni1danTosazn11ua19 (%Difference)
) ci’ Aa =< ?z’l Y
FIATUIUDIN 100 -(WHUNWAVDIIDIRNBIAIA U/
dy A A == @ & < v
Wu%Wﬂﬂl@QL?ﬁ’]ﬁﬂH’laﬂulﬂ) % 100) BIVLLU U
A o A E I .
LUBLIATINITANANUIUUU TDYATAITUAIIUD
R
uoanodgoany 3 ﬁ?iﬂﬁgﬂﬂﬂﬂgaﬂaﬂﬁjjﬂ
v 9 [ 1 v o A
(ﬂﬂﬂlﬂgﬁiu?ﬂlaﬂﬂlﬂﬁlt@azl’)ﬁ]ﬁﬂﬂﬂﬁﬂ”ﬂ/‘lﬂ 2)
= =~ Ay v
AUNANAANLIAT 15 UINTDIASANINANNULIA
v W o'g'/ =
ﬁﬂﬂﬂﬂqﬂmﬂﬂllﬂﬁﬂﬂaﬂﬁ‘ﬂﬂ 3 ﬁ?iﬂﬁgﬂﬂﬂﬂgu
' 9 = A ' 9 '
AMszuasesay 1 FIUANUUANAINUOY LALIA
2 d' =) =) 1
ﬂ'liﬁﬂﬂﬂﬂ'll!&ﬂuulﬂ (20, 25 Qg 30 UIN) VLAINA
1 a 4 (3 {
?‘lf)L'Ja”IQIUﬂ”Ii'JLﬂT]%‘Vi llﬁ$ﬂ1ﬂlﬁﬂﬂlﬂﬁ1ﬂ1iﬁﬂﬂﬁ

Y ' =) =}
UBYNIT 15 UIN (13871 5 a2 10 UIN) UBNIINKNA

-
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IS 1

$p8azANUANNTAININNINET (PRI 1NANA
Y 3 9 A Y a Sy
HANATIANYIATEI HS 9LADIUATIZHABAEY
d' 9 a 4 =1 o
GC-FID n1%11a131A5124 9 W19 1121111911104
upuRaKgUaauVIAEaaly 1 N uazaIrad
A 4 o
NAADY (Post run) YOIAII GC-FID 1Wo1lpanu
t§‘ g’; 1 Y
n1sduwitdeousinnisnadgounsane Uil
~ v v A
(Carry over) 2 U101 a3UMmsanaale HS Nal 5
A aAd A a T Y A
130 10 WINNIEUNA1 NS AATITHIINN AT 09
"9 1 A o 3’, A
GC-FID Wi1ioen11 13 119 @9 unaIndans 15
AR A 3 ~ A
wnvgniaeniunaiauganmiNeau U IAI g
=& 9 a P A
HS H9a0AAa0IA 101 U5 IATIZHUDIAT O
{ a I'd
GC-FID nlgarlumsmazvineniialanielu 5
PINAINSVIAINITATIVTAUDUAT I GC-FID
g}J = é a 4
Narua 9 ¥IN ¥alunszUIUMTIATIZTHUDD
[ A % 9 d' a 4
oA IUNANITANAAILIATDI HS HATMITUATIZH
' Y
1397019399 GC-FID 9@l umsaIugiuaa
Y A 3 o
msnaaisasanaouiudaull mldains
a d a A A a 4
NIV TENIM 15 UINABNITIATIEH

1BUNL

naaNea (YDifference)

15 (1.2%) 20 (0.8%) 25(2.7%) 30()

15 (0.7%) 20 (2.4%) 25(-1.1%) 30(?)

& —Y
>

A
140.0
10 (5.5%)
120.0 -
5(9.7) -
2 100.0 #
'f: L
= 80.0
o
=
32 60.0
"=
‘T?,. 40.0 5(14.4) 10-(4.80/0)
.__,_—l—-—"'_
20.0
0.0
0.0 5.0 10.0

—o—HNMuUDda

-

15.0

&
o v

20.0 25.0 30.0 M)

Talawinsvuea
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593

B naauga (%Difference)
5000.0 15 (0.4%) 20 (2.0%) 25 (1.1%) 30(9)
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—e—laMuaa

MNA 2 BaveanaFuaaluMsana (A) wnuea o lalwswivea uag (B) 0N1uoa (n=>5)

=S a a ad .
3. MsANEIYIEaNENINV09IT (Analytical
performances)
3.1 ¥3mnniheaunse
INAUMIIAUATINAAIANUTUWUT
FYHINANWA VT UYIAITALAIBUIATFIUUAY
A dq ya 1 Y 9 P o
WunlanauaazANUTNIY 1AAIT01AAINIT 1Y
2 wunlugrsanusudy 0.02, 0.04, 0.20, 1.00,
2.00 112z 4.00 mL/L vaauumuea lo Ty Insmiuea
ag 0.27, 0.54, 2.70, 13.50, 27.00 ey 54.00 mL/L
= [ o Jd a Y d’d a0

VOIUBMIUBANANVTUNUTIFUTUNA Taslian
] a Q( ] o o 1
Fuiszansanduius (R 10N 0.9990 Lag

4 H ° ' I
eldaunisn 4 lumsarurusianuiu
) as JA o
TUATIVDIITIZATOUAGUAMNUNNMHUAYDI
NIENINAFITUFUNMH UL TUAI9819

A 9 = =
lupufesas 5 Tasi/suas uaztemueandstlu
o ' VY A

19819AN N3 AL 70 TaslSu1as Avtumuea
A a JY =
P¥19NITAUATIZHT 08D 0.04 - 7.06 lagdlsuias

1 a 4

HAZIDNIUBDAFIINITUATIZHS 08aE 0.48 - 96.62
Tag15u195 a1 lo To TnswiuoavzAny1%19mMs

o

d' Y 1 = [ d' Y
AnYIuauuseFUIASINUINNINDA LHBIINUN

o [ a ] = 3
wuludediansalusiaSuaites uaaliisiu
Y= z:' Iy zg 9
1TSS NWAUIVUFINITUONS pEaz laY
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Y 9 o

) [ A g 9 Y ~ 1
WU dmsumueaniuasdosriunly
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S 1

a ast a oA F) A
NITHAA LASITNITUYINNITUATICHTNNINILUD

v
v AA 1

MIUAVIBIUITINNT 1891 UNDUNRIADEI

$ooaz 50 - 100 Tas3u1a5 (Thitisaksakul et al.,

o o A g A v YA

2021) drmsuteniueaMiuaisndaesnis 19y

) Y

S niosas 70 TaeSuas iemsduda

a o 4

WIodu¥e lsn
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3.2 YANNANINIIVIA 1AZVAINANS
33995
= Yy 9 o Hq 9
InMsAnEIANMTUTUAIgan 1
dyuveIdIsAodyaIUIVNIY S/N > 3 uag
S/N>>10 tio¥1 LOD tiag LOQ ATNE1AL LIEAd
o ~ A A A o v
#9n1519% 2 Tas LOD, LOQ Ninseaiiada’la veq
WNIUDA LAZIBNIUBE UAUNIAD 0.01 AL 0.02

mL/L MN816D taziieiiufiuie LOD, LOQ
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an Y A Y 1oy
VoI FAIeAUMIN 4 9 Idnudesaz 0.02 uay
0.04 TasfS11as awaray armved lolyTnsnuea
A A A o YA
waad LOD, LOQ MaTeeiaialdne 0.005 uag

0.0l mL/L HagA1UIVNIATINAVDIITALY

ax

YomnuAReINULAAY LOD, LOQ ¥84333 0taz
a o % & s
0.01 az 0.02 Taed3u1as auaiay Fadian

v

=~ o o [ A A g
eanedinsunisasivdaarsnaulomiu
J @ @ ' = o w
penlsznouvianludiodiy Tﬂﬂ"llﬂﬁﬂﬂﬂﬂ?i
ATIVIATILT ANV UNNIUDE LaZeNIUeA

v
A A d

d‘ =1 [ a o 9y Aa
LUBINYUNUIIYITUINYNUNITITIYITUNDUTTUINY
S o % (% a =) ] 1 9

UAA ﬂfﬂiﬁiﬁﬁlﬁﬂl%ﬁﬂiuimﬂgqu%’lﬁi@EJﬁS‘i
1.81 - 1.76 1ag1f51195 (Vivon and Nakniyom, 2021)
o BIth:‘ ) = a 4
‘VHGL“H’J‘ﬁ‘ﬂu%ﬁuﬂllﬂ’JWiJ’cTW?J1§ﬂGluﬂ1i’JLﬂi1$1/i

Z
asdudloutFinaileslda

4 Y v A d'
3.3 SewaznslanauAUUAZANNES
ad
V2935
a J o 1
MAMIAATIZHAIBE1 unspike 1AL spike
A s { o
sample LAAINANTAATIEHANMTUTUNATIIA
Y
18 (Chpe) o1 1wmuea loleInsnivea uay
1ONIUDAAIYIAT DI HS-GC-FID uaz lduaninis
o 1] ] =Y
furantuniledesaz TasdSuias (v dae

AUMIAIUIUN 4 W BUAIAIUING (Precision)

T
=

9 Y o A 1 A
uaastoyan e Aam15 19N 3 AnuNesoIns
a 7 X o Yy 9 1o
AATIZHUDANDIDANT 3 TLAUANMUNVUNINY

g
3.81-5.30 1AE 3.19 - 5.36% ADANADINUINUNN
[ 9 9 1 A
gousuldU09 AOAC (2016) (BENI 6 W30 8%
AMUUATZAUANUT T UATIVIA) A SN0
ToTaTwswiueaa1ua1any uag 0.95 - 1.84%

4 ' ) @
ﬁ'ﬁ]ﬂﬂé}ﬂ\iﬁnﬂﬂm“ﬂ ﬁ@ﬁ)@ﬂﬂ'ﬂ 4% TN IUDA

4 ' I o w Y o w v A =
ﬂTi]Qﬁ 2 LLﬁﬂ\i"ﬁ’Nﬂ’Nll!,‘l]u&g{u@'iﬂ sﬁﬂ%”lﬂﬂﬂ”l'i@'li’)%’)ﬂ LLﬁ%%ﬂ%WﬂﬂﬂWi@i’J%’JﬂL‘Iﬂ\iﬂiNWﬂlﬂlﬂﬂ unueaq

To e Tnswivea vazemuea

Wssnes Muea Jolaslnsmwivoa PMUa
' < 9 A A
¥19AN W FUATIVBUATBIND (mL/L) 0.02 - 4.00 0.02 - 4.00 0.27 - 54.00
Franududuaswedds (%) 0.04-7.16 0.04 - 7.16 0.48 - 96.62

A5 11195911 (Calibration curve)
Sulszansanduniug (&%)

LOD 04130450 (mL/L)

LOD 49435 (%vA)

LOQ 1947394110 (mL/L)

LOQ 18935 (%v/)

y = 54.49x+1.26

y = 182.57x+9.86

y = 113.68x+58.06

0.9998 0.9990 0.9995
0.01 0.005 0.01
0.02 0.01 0.02
0.02 0.01 0.02
0.04 0.02 0.04

N 1NMINAI0619 Wy = 0.10000 g ANUHUIUY dge; = 0.8946 g/mL 1TaNATMNTAAY Vo =0.002 L
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aaft 3 anududuiiialdueweansseddnilsznenlunausanesed
W (2) Mvea TolaInsmuea CYAUGE
Spike Catc oppy spike  Catc o spike  Cale o
i) (mL/L) ) (mL/L) i) (mL/L)

0.10422+ 1617+  28.00+
0.00066 _ - - - _ - - 0.26 043
0.10429+ 03 029+ 051+ 03 029+ 049+ 150 3115+ 5390+
0.00059 0.02 0.03 0.02 0.2 0.30 0.51
0.09707+ 09 086+ 159+ 09 085+ 158+ 210 3598+  66.88+
0.00150 0.04 0.06 0.03 0.07 0.59 1.15
0.10119+ 15 144+ 257+ 15 144+ 257+ 270 4275+ 7624+
0.00128 0.05 0.11 007 0.3 0.79 0.48
Precision 3.81-5.30 3.19-5.36 0.95-1.84
(%RSD)

MNEIHA ANUTUWUY dge; = 0.9022 g/mL UTINATINTALAY Vipy =0.002 L

naziieiinavesaluiduduneanodgoa
1 d' [ F) d’
ailszneunnidaialasninseq HS-GC-FID
1 [ 9J 9J cs' a o
uaazsEauANUTNTURRNEITIAsgIuas
o 9 9 o A 9 d'
MIAIUIUNAS 08aLNIT IANAUAUAIAUAITN
4 9 X "y Y o A
1-2 nadravu wundesazmslandunuung
wnuea lo Ty Inswiuea uagieniuosa lua
4 [ A = 1Y Y
HOANDFDAUAAIAIAITINN 4 FIA1T08aLNIT 19
o A d‘ o v d'
asvAumasdmsuumuea loTsInswivsan

Y Yy 9 A ' 1 =
IZAUAITNLUVNIUN 1@@\]111!6]5'3\1 95.27+£5.11 93

97.7145.18 ADAAGLIATNINUAT HEOUT VAN
AOAC (2016) 719773 90-107% F2SUAMUE LT,
2 -3 0g1u%19 95.05+3.89 114 96.12+4.69 HoANADA
AR NEBUTUAIN AOAC (2016) BT
95-105% uard s UeNIUeanI0saz s 1a
AgUALIMAsTUTI9 99.58£2.57 B9 100.0242.19
A0ANRDIMUINAANIONTUAI AOAC (2016) A

%19 97-103%

d‘ Y Y o A A a 4
139N 4 iﬂﬂﬁ$ﬂ"l‘illﬂﬂﬁ‘]Jﬂ1!lm%ﬂ’JﬁJW]fN"U’ENﬂTi’JLﬂiW%W LUNIUDD ll’E)TGHT‘Wi‘WWLl’E]ﬁ BNIUDA

ol Insniuea

IHMuoa PNMuUaa
Spike
%Recovery (X£SD) %Recovery (X£SD) %Recovery (X£SD)
5201 1 93.67-103.55 97.714£5.18 91.42-101.07 95.27+5.11 98.01 -101.73 99.78+1.87
52012 91.11-98.89  95.05+3.89 92.22 -97.91 95.23+£3.04 98.06 - 102.56 99.584+2.57
F2AU 3 92.00-99.23  95.9543.66 91.33-100.70  96.12+4.69 97.82-102.13 100.02+2.19

HINgIHQ X = AURAY, SD = ANDEUIUNAIFIY
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a 4 ] { a
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mngn‘n}h (Syzygium cumini Skeels)
Effect of Pectinase Enzyme and Extraction Temperature on

Anthocyanins Content from Black Plum (Syzygium cumini Skeels)

aa = 1% v A v ) aa o 4 1 aa L4t
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ABSTRACT

The objective of this research was to study the effect of pectinase enzyme and extraction temperature on
anthocyanins content from black plum (Syzygium cumini Skeels) using the 0.05-0.5% by volume of enzyme
concentration and three levels of extraction temperature: room temperature (32-35 °C), 50 and 60 °C, compared with
traditional maceration (non-enzymatic). The results showed that the extraction efficiency depended on enzyme
concentration and temperature. Total anthocyanin as cyanidin- 3-glucoside rose when the enzyme concentration and
extraction temperature increased. The extraction using 0.2% of pectinase at 50 °C yielded the highest anthocyanin
content (11.76+0.012 mg Cyd-3-glu/g), 39-folds higher than that of non-enzymatic maceration at the same temperature
(p <0.05). The extraction efficiency decreased as the temperature increased because of the enzyme inactivation and
anthocyanin decomposition at high temperature. When the concentration of pectinase was over 0.2% and temperature
was over 50 °C, anthocyanin contents decreased. In addition, at higher temperature total phenolic content increased but
DPPH antioxidant capacity decreased significantly (p < 0.05). In conclusion, pectinase-assisted extraction at the
appropriate conditions provided higher concentration of anthocyanins for black plum extraction. It is possible to be

applied in extracted black plum juice with higher anthocyanins.

Key words: anthocyanins, pectinase enzyme, Black plum (Syzygium cumini Skeels)
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Table 1 Total anthocyanins, total phenolic compounds and DPPH antioxidant activity of black plum extract using

enzymatic extraction with pectinase and traditional maceration method (n=3)

Traditional Concentration of pectinase in enzymatic extraction
Temperature
maceration 0.05% 0.1% 0.2% 0.5%
Total anthocyanins (mg Cyd-3-glu/g)
Room temperature 0.35+0.006" 7.26+0.079" 7.1740.336" 8.75+0.187°  6.62+0.057"
50°C 0.30+0.001" 11.59+0.013° 9.08+0.017" 11.76+0.012°  8.01+0.010°
60 °C 0.64+0.007" 5.23+0.005' 5.33+0.006' 5.96+0.010'  5.47+0.007"
Total phenolic compounds (mg GAE/g)
Room temperature 0.008+0.000° 3.3140.043" 3.43+0.013° 4.99+0.008"  3.70+0.004°
50°C 0.007:£0.000° 4.62+0.038" 4.7140.058" 5.08+0.082°  4.91+0.012°
60 °C 0.010:£0.000° 7.84+0.077" 7.55+0.011' 7.55+0.145'  7.59+0.118'

DPPH radical scavenging activity; EC,, (mg/mL)

Room temperature 335.88+2.134°

40.07+0.091°

45.6043.495°  38.55+0.341°  40.73+0.110

50 °C 364.38+1.695°

74.93+2.796"

55.91+0.258%  51.21£0.331"  53.15+0.714'

60 °C 192.70+0.465'

81.74+1.323%

64.67+0.825' 59.55+0.422"  62.91+0.642"
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Table 1 (continued)

Traditional Concentration of pectinase in enzymatic extraction
Temperature
maceration 0.05% 0.1% 0.2% 0.5%
DPPH radical scavenging activity; TEAC (mg/g)
Room temperature 1.42+0.009° 5.96+0.014° 5.26+0.386° 6.19+0.055°  5.86+0.016"
50°C 1.310.006° 3.19+0.118" 4.2740.019* 4.66+0.030"  4.49+0.061'
60 °C 2.48+0.006 2.92+0.048" 3.69+0.047" 4.01+0.029"  3.79+0.039'

C,..)

Treatments with the superscript (@b

Room temperature in this study was between 32-35 °C.
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Figure 1 The effect of pectinase concentration and extraction temperature on total anthocyanins, total phenolic

contents and DPPH radical scavenging activity (EC,, and TEAC) of black plum extract
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ABSTRACT

This paper proposes a statistical classification based on an application of neural
networks by Multilayer Perceptron (MLP) to classify Partial Discharge (PD) patterns into four
categories in corona: high voltage side in air, corona at low voltage side in air, internal discharge
and surface in air. There are 9 independent variables from fingerprint analysis which mainly
are skewness, kurtosis, asymmetry and cross correlation following Phi - g - n PD patterns. PD
patterns were used for classification which consists of statistical attribute calculation values.
This is calculated from the Hqn( ¢) distribution (average PD size distribution based on the

voltage phase angle) and Hn(¢) distribution (the number of PD repeat distributions based on the
voltage phase angle) distribution calculated from the Hgn(¢) distribution. (It was calculated

from the relationship distribution between the magnitude of the PD(q) , the phase angle of the
test voltage (4) , and the number of PD repetitions (n)). All 9 variables were then used in the

neural network simulation for partial discharge pattern identification. The approach for
constructing the network divides the data into two groups for training data and testing data. The
forms for training the model and the pattern for testing the model. The architecture of artificial
neural networks in this paper is selected to below complexity as possible using multiple layers
of perceptron. The results show that only a hidden layer in the model has a good performance
to classify PD pattern with the classification accuracy of 100%. The proposed method can be
used to analyze and classify partial discharge patterns and it can be developed to test the partial
discharge of high voltage equipment.

Key words: multilayer perceptron (MLP), partial discharge (PD), classification, high voltage
equipment, corona discharge

INTRODUCTION

The occurrence of a fault (fault) in
the power system. One of the main causes is
insulation failure in high-voltage transmission
systems. Partial Discharge (PD) is the main
factor causing insulation failure. Therefore,
the IEC 60270 Standard (IEC, 2000) requires
that PD be measured or detected before the
device is put into service. Insulating properties
test engineers need to study and classify PD
characteristics in order to determine which
type of PD occurs, such as corona discharge,
surface discharge or internal discharge, etc. Such
information is important to manufacturers
of high voltage equipment. In the past, high
voltage laboratories and users of high
voltage equipment learned and recognized
PD patterns by visually observing the oval
signals on an oscilloscope screen and
interpreting them based on the tester’s
experience. Nowadays, computers are used
to analyze PD by programmable simulation.
It can recognize the pattern of PD formation,
making it easy for the tester to analyze,

classify and tell the cause of faults occurring
in the insulation system. There are more
diverse methods and various pattern recognition
methods that have been proposed, such as
expert systems (Gopal et al., 2004), statistical
analysis (Chatpattananan, 2006; Chatpattananan
et al., 2006a; Chatpattananan et al., 2006b;
Pattanadech and Nimsanong, 2014), fuzzy
clustering (Gopal et al., 2004; Tomsovic et
al., 1993), neural networks (Cho and Oh, 1997;
Gulski and Krivda, 1993; Pattanadech et al.,
2015a; Zhang et al., 2005), KMeans
(Chatpattananan et al., 2006c), Regression
Estimation (Ludpa et al., 2008; Pattanadech
et al., 2015b), Expert systems and fuzzy
approaches require human expertise. However,
there are some problems with the acquisition
and maintenance of databases. Neural
networks can gain direct experience from
the training data and overcome some of the
shortcomings of the expert system. Therefore,
this paper proposes a statistical classification
based on an application of neural networks
by Multilayer Perceptron (MLP) to classify
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Partial Discharge (PD) patterns that is a one
way simulation to analyze and classify PD
patterns.

MATERIALS AND METHOD
1. Partial Discharge experiments and
pattern analysis in high voltage apparatus

From the experiment to simulate the
partial discharge pattern, it can actually
occur in high voltage equipment according
to the IEC 60270 Standard (IEC, 2000) as
the partial discharge test and measurement.
There are four types of partial discharge
patterns that can occur in high-voltage
devices: high voltage side in air, corona at
low voltage side in air, surface in air, and
internal discharge. The PD simulation was
performed in a chamber with a flat plate
electrode of 12 cm in diameter. The model
had the following defect patterns: simulations
and experimental as for the results from
Vicetjindavat (2001).

1. Simulation of the corona
discharge in the air as the discharge occurs

in the pointed region, it is the region of high
electric field stress. By bringing a copper
wire of diameter 0.1 cm, length 1.5 cm, it
was attached to the high-voltage electrode
and the low voltage side with a distance
between the electrodes 10 cm as shown in
Figure 1. When the voltage is applied, the
electric field stresses at the ends of the
windings resulting in the corona being
generated.

2. Simulation of internal discharge
within a solid insulator is done by simulating
small air cavities within the 13x13%2.5 cm.
Acrylic sheet will cause a voltage drop
across different parts of the insulator. The
simulation is done in the oil chamber to
prevent flashover across the solid insulation. If
the pressure drops across the gas cavity is
higher than the pressure that the gas cavity
can withstand, it may cause break-down or
discharge only in the gas cavity. There are
different simulation models as shown in
Figure 2.

7

[ a—

a) Corona discharge at high voltage side in air b) Corona discharge at low voltage side in air
Figure 1 Corona discharge voltage side in air simulation.

T éSolid insulator

a. Flat cavity

b. Flat cavity at Low Voltage

. Multi flat cavity

d. Narrow cavity

e. Sphere cavity

Figure 2 Corona discharge of internal discharge simulation.
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. Solid insulator

Figure 3 Corona discharge of surface discharge simulation.

3. The simulation of surface
discharge is made by using an acrylic sheet
between a 5 cm. diameter circular electrode
and a 12 cm. diameter flat sheet electrode.
The junctions of two types of insulators
with different percentage values are air and
acrylic sheets as shown in Figure 3.

The experiment simulating a partial
discharge pattern can actually occur in high-
voltage equipment according to the IEC
60270 Standard (IEC, 2000). There are four
categories of partial discharge patterns that
can occur in high-voltage devices : featuring
four categories in corona: high voltage side
in air, corona at low voltage side in air,
surface in air, and internal discharge. The
PD simulation was performed in a chamber
with a flat plate electrode measuring 12 cm.
in diameter. The experimental results from
(Vicetjin davat, 2001).

The partial discharge  model
simulations,7 experiments were conducted
(Vicetjindavat, 2001), of which 20 were
simulated corona at high voltage side in air.
; Corona at HV, (20 trials later. This is an
experiment to simulate the corona at low
voltage side in air; Corona at L.V.) 19
subsequent trials. These experiments
simulated internal discharge patterns and 20
experiments were surface in air simulated

experiments. Based on the data, 79 experiments
were randomized to 8 0 experiments for
convenience. Following the matrix calculation,
the partial discharge pattern data obtained
from each partial discharge (PD) monitor
were analyzed. There are 9 independent
variables from fingerprint analysis which
mainly are skewness, kurtosis, asymmetry
and cross correlation followingPhi-g-n. PD
patterns were used for classification
consists of statistical attribute calculation
values. This is calculated from the average
PD size distribution based on the voltage
phase angle (Hgn(4)) and the number of PD

repeat distributions based on the voltage
phaseangle (¢4)).The relationship between

the magnitude of the PD (q), the phase angle
of the test voltage(4) and the number of PD

repetitions (n) is shown in Figure 4-7 and
Table 1-8, respectively. The PD detector
calculates the statistical properties of
Skewness (Sk) and Kurtosis (Ku) of Hgn ()

and Hn(¢ ) which gives a total of 9 variables
in the matrix X: Sk* of Hqn(4), Sk of Hqn
() , Ku™. of Hgn(¢),Ku™ of Hgn(g), Sk™ of
Hn(¢), Sk of Ha(¢), Ku™ of Hn(¢),Ku of Hx
(¢ ), and the apparent charge (Q)
(Vicetjindavat, 2001).
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Figure 4 Examples of simulation results of corona at high voltage side in air patterns.

Table 1 Examples statistical value of corona at high voltage side in air patterns.
Statistical Operations

Sk* Sk Ku* Ku Q CcC mcc
Han 1.034 1.014 -1.915 -1.964 0.238 0.785 0.187
Hn 1.100 1.092 -1.739 -1.748

Table 2 Example of data collection of corona at high voltage side in air patterns simulation
results. (Vicetjindavat, 2001)

PD Sk*of Sk of Ku*of Kuof Sk*of Sk of Ku*of Ku of

NO- patterns  Hn(®) Han(®) Han(®) Han(®) Ho(@)  Ho(@)  Hu®)  Hu®)
1 1188  1.077 -1.507 -1.983 1220 1093  -1.393 -1.696 0.359
2 1312 1.016 -1.174 -1959 1334 1131  -1053 -1630 0424
3 1482  1.025 -0616 -1.935 1339 1126  -1.073 -1.659 0.425
4 1270  1.022 -1.276 -1944 1152 1106  -1592 -1.699 0.815
5 1166 ~ 1.008 -1.568 -1.979 1191 1167  -1.482 -1.495 0.384
6 1277  1.028 -1.246 -1.929 1144 1112  -1605 -1.680 0.778
7 1.016  1.024 -1.958 -1938 1.030 1038  -1.923 -1.885 0.227
8 Corona 1100 1030 -1741 1919 1179 1102  -1528 1727 0.382
9 at 1.025  1.007 -1.936 -1.982 1063 0965  -1.837 -2.039 0.321
10 High ~ 1028 1006 -1.929 -1.983 1062 0951  -1.839 -0.720 0.336
11 Voltage 1034 1005 -1.913 -1.988 1.091 0981  -1.763 -1.997 0.331
12 sidein 1031 1.018 -1922 -1953 1.077 0947  -1800 -2.081 0.175
13 ar 1.034 1.015 -1.914 -1962 1.089 1012  -1.769 -1.901 0.226
14 1.025 1.021 -1.936 -1.946 1072 0939  -1.813 -2.068 0.231
15 1.034 1.014 -1915 -1964 1100 1092  -1.739 -1.748 0.238
16 1.020 1.020 -1.950 -1.947 1053 0919  -1.862 -2.126 0.239
17 1.026  1.010 -1.935 -1972 1085 1036 -1779 -1.856 0.242
18 1.010  1.020 -1.974 -1.947 1.022 0942  -1.942 -2.082 0.236
19 1.061 1.021 -1.841 -1946 1138 0085  -1.638 -2.331 0.258

N
o

1.025 1012 -1936 -1970 1.086 1.080 -1.776  -1.768 0.248
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Figure 5 Examples of simulation results of corona at low voltage side in air patterns.

Table 3 Examples statistical value of corona at low voltage side in air patterns.
Statistical Operations

Sk* Sk Ku* Ku Q CcC mcc
Han 1.007 1.012 -1.981 -1.969 7.104 0.832 5.909
Hn 1.010 -0.340 -1.974 -2.884

Table 4 Data collection of corona at low voltage side in air patterns simulation results. (Vicetjindavat,

2001)
No PD Sk* of Sk of Ku* of Ku of Sk*of Sk of Ku*of Ku of Q
" Patterns  Hgn(@®) Hg(®) Ha(@®) Han(@) Ha(@) Ha(0) Hn(?) Hn(9)

21 1.014 1.085 -1.960 -1.780 1.056 -0.410 -1.850 -2.830 6.975
22 1.015 1.017 -1.960 -1.960 1.021 -0440 -1.940 -2.810 5.225
23 1.010 1.019 -1.980 -1950 1.015 -0.320 -1.960 -2.900 7.591
24 1.015 1.017 -1.960 -1.960 1.021 -0.440 -1.940 -2.810 5.225
25 1.009 1.015 -1.980 -1960 1.066 -0.300 -1.980 -2.910 8.540
26 1.007 1.012 -1.980 -1970 1.010 -0.340 -1970 -2.880 7.104
27 1.013 1.020 -1.970 -1950 1.071 -0.680 -1.810 -2520 3.717
28 1.007 1.012 -1.980 -1970 1.010 -0.340 -1970 -2.880 7.104
29 1.015 1.015 -1.960 -1.960 1.045 -0.600 -1.880 -2.640 4.000

30 Coronaat 1.012 1.017 -1.970 -1.960 1.064 -0.640 -1.830 -2.580 3.954

31 V(I)(I)t\,,alvge 1.005 1.014 -1.970 -1.960 1030 -0.520 -1.920 -2.730 5.200
32 sideinair  1.011 1.008 -1.970 -1.980 1.048 -0.620 -1.870 -2.610 3.700
33 1.008 1.015 -1.980 -1.960 1.053 -0.660 -1.860 -2.560 3.751
34 1.008 1.011 -1.980 -1.970 1050 -0.630 -1.870 -2.600 3.639
35 1.016 1.065 -1.960 -1.830 1074 -0.670 -1.800 -2.550 4.233
36 1.006 1.031 -1.990 -1.920 1059 -0.660 -1.840 -2.560 4.110
37 1.010 1.012 -1.970 -1.970 1025 -0.530 -1.930 -2.720 4.614
38 1.007 1.012 -1.980 -1.970 1072 -0680 -1.810 -2.530 3.658
39 1.010 1.010 -1.970 -1.970 1.048 -0.610 -1.870 -2.620 4.065

40 1.014 1.032 -1.960 -1.920 1040 -0.570 -1.890 -2.670 4.341
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Figure 6 Examples of simulation results of corona internal discharge patterns.

Table 5 Examples statistical value of corona internal discharge patterns.

Statistical Operations

Sk* Sk Ku* Ku Q CcC mcc
Han 1.044 1.168 -1.889 -1.438 0.985 0.786 0.774
Hn 1.006 -0.222  -1.984 -2.398
Table 6 Data collection of corona internal discharge patterns simulation results. (Vicetjindavat,
2001)
No. PD Sk* of Sk of Kufof Kuof Sk*fof Sk of Ku*of Ku of o)
Patterns Haqn(0) Hon(@)  Hon(@)  Hagn(@)  Hn(@)  Ha(@)  Hna(@)  Hn(9)
41 1.124 1172 -1.700 -1.540 1226 -0.760 -1.430 -2.340 1.132
42 1.178 1.142  -1480 -1.620 1145 -0.730 -1.640 -2.320 1.171
43 1.504 1.479 0103  -0.020 1345 -0.280 0.708 -2.370 1.015
44 1.504 1.479 0103  -0.020 1345 -0.280 -0.710 -2.370 1.015
45 1.206 1.200  -1.470 -1.490 1307 -0.220 -0.960 -2.380 1.038
46 1.491 1.202  -0.030 -1.490 1524 -0.210 0.305 -2.310 1.063
47 1.193 1.178  -1510 -1.550 1240 -0.110 -1.360 -2.360 1.036
48 1.192 1482  -1510 -0.170 1226 -0.250 -1.430 -2.370 1.059
49 1.186 1.165  -1.530 -1.590 1189 -0.430 -1.520 -2.380 1.037

50 Internal 1.170 1.154  -1570 -1.610 1.168 -0.680 -1560 -2.330 1.149
517  Discharge 1 147 1.175 -1630 -1.540 1.180 -0.710 -1520 -2.320 1.191

52 1.115 1.106 -1.710 -1.730 1.132 -0.760 -1.640 -2.330 1.250
53 1.178 1.142 -1.480 -1.620 1145 -0.730 -1.640 -2.320 1.172
54 1.073 1.103 -1.830 -1.730 1077 -0.610 -1.820 -2.340 1.057
55 1.142 1.100 -1.630 -1.750 1.125 -0.50 -1.640 -2.370 1.073
56 1.115 1.153 -1.710 -1600 1.110 -0.370 -1.730 -2.390 1.107
57 1.141 1.152 -1.630 -1.600 1.113 -0430 -1.710 -2.390 1.136
58 1.133 1.153 -1.660 -1.580 1.124 -0.630 -1.680 -2.340 1.125
59 1.104 1.106 -1.730 -1.710 1073 -0.690 -1.810 -2.320 1.304

60 1.178 1.142 -1.480 -1.620 1145 -0.730 -1.640 -2.320 1.172




618

H,(phi, q)

360°1%

1M5815398 YH1INaeNA 11 1ag51%0Aaf3 %8 15(3) : 611-625 (2566)

qn

(deg)
0 90 180 270 360

Figure 7 Examples of simulation results of corona surface in air patterns.

Table 7 Examples statistical value of corona surface in air patterns.

Statistical Operations

Sk* Sk Ku* Ku Q CcC mcc
Han 1.504 1.330 -0.184 -0.844 1.139 0.867 0.988
Hn 1.985 -0.453 1.781 -2.252
Table 8 Data collection of corona surface in air patterns simulation results. (Vicetjindavat, 2001)
No. PD Sk* of Sk of Ku* of Ku- of Sk* of Sk of  Ku*of Ku of 0
Patterns  Han(®)  Han(@)  Han(@)  Han(®)  He(@)  HN(@)  Ha(@)  Ha(®)

61 1.442 1464 -0450 -0.270 1.986 -0.680 1967 -2.510  1.462
62 1.461 1302 -0.230 -1.000 1.939 1.906 1607 1430  0.805
63 1.453 1170 -0.300 -1.490 1.942 1.899 1667 1569  0.786
64 1529 1230 -0.030 -1.300 1.747 1.841 0470 1268  0.861
65 1.465 1241 -0270 -1.240 1.925 1.797 1466 1178  0.881
66 1.463 1188 -0.280 -1.430 1.956 1.332 1613 -0.070  0.901
67 1.446 1189 -0.390 -1.410 1.995 -0.100 1.813 -2.050  1.093
68 1529 1278 -0.050 -1.130 1.714 1.867 2900 1211  0.873
69 1504 1330 -0.180 -0.840 1.985 -0.450 1.781 -2.250  1.139
70 1.457 1379 -0400 -0.670 1.967 -0.350 1.669 -2.210  1.072
71 Si“nrz‘r:e 1486 1423 -0250 -0490 1.955 -0.120 1597 -2.070  1.009
72 1501 1.383 -0.180 -0.640 1.968 -0.410 1754 -2.250  1.134
73 1.467 1450 -0.360 -0.360 1.943 0570 1.620 -2.340 1.176
74 1511 1479 -0180 -0.220 1.977 -0.690 1923 -2.390 1.355
75 1.481 1428 -0410 -0500 1.919 -0.610 1.365 -2.390  1.081
76 1516 1471 -0.160 -0.250 1.976 -0.690 1919 -2.390  1.364
77 1.493 1471 -0260 -0.280 1.918 -0.460 1.451 -2.300 1.163
78 1.496 1450 -0.270 -0.390 1.954 -0590 1.702 -2.350  1.206
79 1.459 1302 -0.390 -1.000 1.952 -0.630 1647 -2.360 1.225
80 1.486 1454 -0.340 -0.410 1.919 -0540 1408 -2.350  1.078

The results of analysis of variance
(ANOVA) in testing the mean of each
variable were different between groups or
not. Analysis of Variance (ANOVA) is an
analysis to test the mean difference of more
than 2 groups (3 or more groups). That is to
compare 2 parts, namely, between the group

and within the group, in order to find the
variables related to each other. Selecting
input variables into the equation. First of all,
it is necessary to consider which independent
variables are likely to be associated with the
dependent variable Y, both positive and
negative, and the relationship between the
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group variables of each independent variable.
In this study, the F test and Wilks'Lambda

statistical tests were used to help exclude
correlated variables as shown in Table 9.

Table 9 Results of Analysis of Variance (ANOVA) in the mean test of each variable whether

they differed between groups or not.

Variable Wilks’Lambda F dfl df2 Sig.
Sk* of Hgn(0) 0.214 92.920 3 76 .000
Sk of Hqn(®) 0.255 74.021 3 76 .000
Ku*of Hqn(®) 0.231 84.488 3 76 .000
Kuof Hgn(®) 0.343 48.527 3 76 .000
Sk*of Ha(@) 0.047 514.879 3 76 .000
Skof Hn(2) 0.442 32.044 3 76 .000
Ku*of Hn(2) 0.076 308.584 3 76 .000
Kuof Hn(®) 0.696 11.046 3 76 .000

Q 0.148 146.162 3 76 .000
cc 0.962 1.001 3 76 397
Based on the test's Sig value, it was calculates the statistical property of

found to be all 0 except for the variable cc
which was 0.397, and it was greater than the
specified significance level of 0.01. It can
be seen that

- The mean of all variables except cc
variable differs between groups.

- The mean of cc variables did not
differ between groups which was concluded
from at least one pair of tests;

- Test Sig = 0.397, Ho cannot be
rejected. Therefore, cc should not be a
variable used to classify groups. The
variable mcc is the result of multiplying
between variable cc and variable Q, thus
eliminating. Therefore, the remaining 9
variables are taken into account.

2. PD Classification method and model
simulation

In this paper will use statistical
modeling methods. The data used in the
simulation consisted of matrix X and matrix
Y, where matrix X is the input variable
measured by the partial discharge detector,
consisting of Hg( ¢ ) (average PD size
distribution. according to the phase angle of
the voltage), Hn(¢) (the number of PD
repetitions distribution according to the
voltage phase angle), Q (appearance
charge), for which the PD detector

Skewness (Sk) and Kurtosis (Ku) of Hgn(¢)
and Hn(¢ ) gives a total of 9 variables in the
matrix X: Sk* of Hgn(4), Sk™ of Hgn(4) , Ku™.
of Hgn(¢),Ku™ of Hgn(¢), Sk™ of Ha(¢), Sk™ of
Hn(¢), Ku® of Ha(g),Ku™ of Hn(¢), and the
apparent charge (Q), whose the matrix has a
size of 80 x 9. The Y matrix is a dummy
variable used to predict each type of partial
discharge, and the matrix has a size of 80 x
1. Based on the data, 79 trials were
randomized to 80 trials for ease of
calculation matrix.

1. From the X matrix, the data were
divided into 4 groups: rows 1 to 20 were
variable data values for Corona at High
Voltage side in air (Corona at H.V.), rows
21 to 40 were data values of Corona at Low
Voltage side in air (Corona at LV), rows 41
to 60 were internal discharge, rows 61 to 80
were Surface in air and The Y matrix is a
hypothetical variable to classify the PD,
with the code for division 1 to 20,
designated as [1] and given as Corona. at
HV Rows 21 to 40 are designated as [2] and
given as Corona at LV. Rows 41 to 60 are
designated as [3] and given as Internal
Discharge. Rows 61 to 80 designated as [4]
and given as Surface. Discharge has a
structure as in Eq. (1).
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[Corona at H.V.],0x9
[Corona at L.V.],0x9
[Internal Discharge],oxo
l[Surface Discharge]

X =

2. Scaled the input matrix X to unify
the data and control the variance of the
scaled data because in the modeling, the
importance of each variable in the X matrix
is equal to all variables. is to make the
variances of each variable in the X matrix
or input matrix equal to 1.

[Xtrain]

XVB = [Xtest]

| -
80x9

4. The model was simulated by
using multilayer perceptron Analysis. It was
found that there were 9 variable input

20X9-80x%9

[Ytrain]

[Ytest] ]80><1

Set input variable from 9 variable data
and target variable 4 zroups,

v

20010

Divide the data for Training and
Testing selected from (Vicetjindavat,

¥

Luncl

orithms (MEPand Iranslzi
activaton function : sigmoid

Perform Neural Network learning to
find the network optimization

v

Select Weight and Bias

—

in hidden layer

Change in the model: 1. Number o
hidden layers.2. Number of neurons

1)

3. Divide the scaled matrix data into
two groups: the learning data group (train)
to create the model and the test data group
(test) to experiment with the model. The
dividing method is divided into Venetial
Blinds (VB) and the data is rearranged in
the XVB matrix and the YVB matrix as
shown in Eq. (2).

()

layers, 1 hidden layer and an output layer as
shown in the Figure 8 - Figure 9.

—

Adjustments for Weight and Bias

v

Perform a Neural Network

RMonitoring

Increase iteration,
change weights,
oradd
or reduce the
node size

Set Error goal reached
for classification of
Partial Discharge

The optimize neural network M1 model iy
Oblained for elassification of
Partial Discharge

Figure 8 Flow chart of multilayer perceptron model.
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Figure 9 Network of simulation results of multilayer perceptron model.

RESULTS AND DISCUSSION
Simulation results

In this paper, the researchers
examined how to classify the type of PD by
a multilayer perceptron. The architecture is
simple and easy. It is used for the pattern
classification system and it can also reduce
the time to compute results for faster and
more flexible than statistical methods
(Chatpattananan, 2006; Chatpattananan et
al., 2006a). It can also calculate and get
accurate results just like the method used
Regression Estimation (Ludpa et al., 2008;
Pattanadech et al., 2015a). A Multilayer
Perceptron with a hidden layers can design
arbitrary classification,and the approximation
is related to the number of hidden nodes.
The neuron number of its input is determined
by the number of statistical features, skewness,
kurtosisand. The neuron number of both
hidden layers is 1. The neuron number of
output layer is determined by the number of

Table 10 Model Summary

patterns to be identified, comprised 4
groups : corona at high voltage side in air
(corona at H.V.), corona at low voltage side
in air (corona at LV), internal discharge and
surface in air, respectively. To demonstrate the
classification ability, 80 sets of field test PD
patterns are used to test the proposed PD
classification system. The neural network
based PD classification system randomly
chooses 80 instances from the field test data
as the training data set, and the rest of the
instances of the field test data are the testing
data set. Table 10 - 14 shows the classified
results of the proposed system with different
input patterns. The recognition rates of the
proposed system are quite high with 100%.
It is obvious that the neural network based
PD classification system has strong generalized
capability. It is obvious that the neural
network based PD classification system has
strong generalized capability to evaluate the
fault tolerance ability.

Training Cross Entropy Error
Percent Incorrect
Classification
Stopping Rule Used

Train Time

Testing Cross Entropy Error
Percent Incorrect
Classification

0.271
0.00%

1 consecutive step

(s) with no decrease

in error?

0:00:00.022
0.494
0.00%
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Table 11 Parameter Classification
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Classification

Parameter Hidden Layer 1 Output Layer
HL:1) H(L:2) H@L:3) H@4) [Y=1] [Y=2] [Y=3] [Y=4]
Input
Lar;/er (Bias) 0.492 0916 0980  0.009
Sk*of Hin(¢) 0204 1119 0716 0.060
Sk of Hn(¢) 0333 1832 0327 0428
Kuof Hn(¢) 0935 0983 0078 0.108
KuofHin(¢) 0093 1010 0768 0276
Sk'ofHn(¢) 1084 0171 0655 0.173
Sk of Hi(¢) 0456 -2.357 -1501 0.159
Ku'of Hn(¢) 0803 0224 0753 0.709
KuofHn(¢) 0455 0102 0705 0.024
Q 0.667 -1.300 2.904  0.589
Hidden
Layer1  (Bias) 0.264 -1.109  0.086  1.008
H(L:1) 0951 -2.418 -1.361 5.143
H(1:2) -1.803  -1.892  3.266  1.149
H(1:3) 3703 1775  0.867  1.109
H(L:4) 0.204 580.000 0.631  0.344
Table 12 Classification Results
Classification
Sample Observed 1 2 3 4 Percent
Correct
Training 1 16 0 0 0 100.0%
2 0 16 0 0 100.0%
3 0 0 10 0 100.0%
4 0 0 0 14 100.0%
Qverall 2860% 2860% 90 200 100.0%
Testing 1 4 0 0 0 100.0%
2 0 4 0 0 100.0%
3 0 0 10 0 100.0%
4 0 0 0 6 100.0%
ge"ri';ar:: 16.70% 16.70% 41'1/00 25'?,/00 100.0%
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Table 13 Examples Training Value of Classification Results
Training
Input (X) Target
(Y)
Sk* of Sk of Ku* of Ku- of Sk* of Sk of Ku* of Ku- of
Ha(4) Ha(g) Ha(g)  Halp)  Ha(g) Hn(g) Hn(4) Hn(g) Q
1.188 1.077 -1.507 -1.983 1.220 1.093 -1.393 -1.696 0.359 1
1.312 1.016 -1.174 -1.959 1.334 1.131 -1.053 -1.630 0.424 1
1.482 1.025 -0.616 -1.935 1.339 1.126 -1.073 -1.659 0.425 1
1.270 1.022 -1.276 -1.944 1.152 1.106 -1.592 -1.699 0.815 1
1.014 1.085 -1.960 -1.780 1.056 -0.410 -1.850 -2.830 6.975 2
1.015 1.017 -1.960 -1.960 1.021 -0.440 -1.940 -2.810 5.225 2
1.010 1.019 -1.980 -1.950 1.015 -0.320 -1.960 -2.900 7.501 2
1.015 1.017 -1.960 -1.960 1.021 -0.440 -1.940 -2.810 5.225 2
1.124 1.172 -1.700 -1.540 1.226 -0.760 -1.430 -2.340 1.132 3
1.178 1.142 -1.480 -1.620 1.145 -0.730 -1.640 -2.320 1.171 3
1.504 1.479 0.103 -0.020 1.345 -0.280 0.708 -2.370 1.015 3
1.504 1.479 0.103 -0.020 1.345 -0.280 -0.710 -2.370 1.015 3
1.442 1.464 -0.450 -0.270 1.986 -0.680 1.967 -2.510 1.462 4
1.461 1.302 -0.230 -1.000 1.939 1.906 1.607 1.430 0.805 4
1.453 1.170 -0.300 -1.490 1.942 1.899 1.667 1.569 0.786 4
1.529 1.230 -0.030 -1.300 1.747 1.841 0.470 1.268 0.861 4
Table 14 Examples Testing Value of Classification Results
Testing o M_I]:P ’ Accuracy
00 ol
Sk* of Sk of Ku*of Ku of Sk* of Sk of Ku*of Ku of
Ha(@) Ha(@) Ha(@) Ha(d) Ha(d) Ha(@)  Ha(d)  Ha(4) Q
1.026 1010 -1935 -1972 1085 1.036 -1.779 -1.856 0.242 1 1 100
1.010 1020 -1.974 -1.947 1.022 0942 -1.942 -2.082 0.236 1 1 100
1.061 1021 -1.841 -1.946 1138 0.085 -1.638 -2.331 0.258 1 1 100
1.025 1012 -1936 -1.970 1.086 1.080 -1.776 -1.768 0.248 1 1 100
1.010 1012 -1.970 -1.970 1.025 -0530 -1.930 -2.720 4.614 2 2 100
1.007 1012 -1.980 -1.970 1.072 -0.680 -1.810 -2.530 3.658 2 2 100
1.010 1010 -1.970 -1.970 1.048 -0.610 -1.870 -2.620 4.065 2 2 100
1.014 1032 -1.960 -1.920 1.040 -0570 -1.890 -2.670 4.341 2 2 100
1147 1175 -1630 -1.540 1180 -0.710 -1.520 -2.320 1.191 3 3 100
1115 1106 -1.710 -1.730 1132 -0.760 -1.640 -2.330 1.25 3 3 100
1178 1142 -1480 -1620 1145 -0.730 -1.640 -2.320 1.172 3 3 100
1.073 1103 -1.830 -1.730 1.077 -0.610 -1.820 -2.340 1.057 3 3 100
1481 1428 -0.410 -0500 1919 -0.610 1365 -2.390 1.081 4 4 100
1516 1471 -0.160 -0.250 1976 -0.690 1919 -2.390 1.364 4 4 100
1.493 1471 -0260 -0.280 1918 -0.460 1451 -2.300 1.163 4 4 100
1.496 1450 -0.270 -0.390 1.954 -0590 1702 -2.350 1.206 4 4 100
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CONCLUSION

The proposed method to analyze PD
patterns and classify the type of discharge is
an important tool for the diagnosis of a high
voltage insulation system. To improve the
performance, are statistically analyzed for
the proposed multilayer perceptron classifier.
These statistical features are then applied to
a neural network that performs the classification.
The recognition rates of the proposed
system are quite high at 100%. The present
experimental results indicate that this
approach is able to implement an efficient
classification with a very high recognition
rate. The proposed method can use to
analyze and classify partial discharge patterns
and it can be developed to test the partial
discharge of high voltage equipment.
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ABSTRACT

This study investigates the distribution of heavy metals within the Tha Chin river mouth, Samut Sakhon
Province, focusing on the early loading period (April 2018) and the mid-loading period (July 2018). The content of
Cadmium in all samples were undetectable while the contents of Lead, Copper and Zinc in water varied in the range
of nd-5.5, 0.5-16.0 and 12.9-158.5 ppb, respectively. In the total suspended solids, they varied in the range of nd-
4.0, nd-19.0 and 11.0-341.0 ppb, respectively and range of 10.6-53.5, 15.6-80.4 and 64.6-252.8 ppm, respectively
in the sediments. Most heavy metals in the water did not exceed the standard value, but the heavy metals in the
sediment were higher than the standard values in some stations, especially in the central part of the river mouth.
The content of Copper, Zinc and Lead in water and sediment were seasonally significantly different (p <0.05) and,
the content of Copper in the sediments of the central part of the river mouth was seasonally significantly different
(p <0.05). Zinc content in water was significantly correlated with that of the total suspended solids. This study found
that the heavy metal accumulation showed that heavy metals accumulation showed that the average value of heavy
metals in the Tha chin river moth was 598,548.3 kilograms, featuring Zinc 66%, copper 18% and lead 16%,
respectively. The total amount of heavy metals accumulated in sediment, suspended solids and water were 91%,
6% and 3%, respectively. These results indicate that the management of sediment contamination in Tha Chin river

mouth is urgently needed.

Key words: heavy metal, contamination, total suspended solids, sediment, Tha Chin Estuary
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Parameter (ﬁmm“g{“i]ﬂé]ﬁmn) (ﬁmmunanqgﬁmmm HM in water HM in Sediments
(ppb) (ppm)
MIN MAX MEAN#SD MIN MAX MEANZSD
Az
1 (ppb) ND 55 22409 ND 25 2.0£0.6 8.5
Yo WYINADYT M (ppb)  ND 4.0 0.9+1.0 ND 1.7 0.6+0.5
Auaznew (ppm) 106 535  32.4+12.1 13 423 275486 52.0
NoILA
h (ppb) 0.5 16.0 4.5+3.7 0.5 3.0 1.30.6 8.0
YOWTUVIUABEII (ppb) ND  19.0 4.0+53 ND 5.7 1.4+1.4
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Faned
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YOUTWUIUABETIN (ppb) 110 3410  112.8490.6 333 1623  91.0+40.4
AuAZNOU (ppm) 70.5 252.8 110.5+50.4 64.6 182.0 104.5+£35.6 102.0

ND = non-detected

*Standards Water quality (Pollution Control Department, 2006)

**The standard level of coastal sediment quality (Pollution Control Department, 2015)
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ABSTRACT

This research aims to study the effect of polypropylene particle size with flake shape on the rotational
molding process. The polypropylene used in the experiment was obtained from waste plastic glass with transparent
single-use packaging. The procedure of research started with the waste plastic glass crushing and sieving into small
(rPP-S), medium (rPP-M), and large (rPP-L) sizes, then the characteristics of particles were analyzed. The
specimens were molded with the axial powder flow apparatus at a rotation speed of 7 rpm, using a molding
temperature of 210 °C. The phenomena that occurred during the molding were observed and recorded. After that,
the tests of the physical, thermal, and mechanical properties were carried out. The results showed that small particle
size directly affected the rotational molding both in the solid state which is involved in particle motion and the heat
transfer of the particles and in a liquid state which involved the bubbles in the specimens. Comparing the potential
of processibility, it was found that the case of rPP-S had higher potential and compressive strength than rPP-M and

rPP-L about 21.77% and 30.49% respectively.

Key words: particle size, polypropylene, flake shape, rotational molding, waste plastics glasses
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FUU (Arithmetic Mean of Surface Roughness)
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(Rao and Throne, 1972)

Materials Rotational Speed Arithmetic Mean of Surface Roughness, Ra (um)

(rpm.)

Inner Surface Outer Surface

rPP-S 15.71 (x2.18) 9.19 (£1.08)

rPP-M 7 24.22 (£2.62) 11.10 (£1.74)

rPP-L 32.98 (£3.31) 14.03 (£1.37)
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ABSTRACT

This work studied the preparation of partially esterified palm fatty acid distillate (PEPFAD) by non-
catalyzed to use as diesel/diesohol extenders. In this article, PEPFAD was prepared by reacting of palm fatty acid
distillate containing high free fatty acids (=90 wt.%) with anhydrous ethanol (AhE) in a batch reactor at molar ratio
of 1:1, temperature of 289°C, and pressure of 72 bar for 60 min. The obtained final product of PEPFAD mainly
contained ethyl esters of 71.6 wt.% and free fatty acids of 26.8 wt.% with other remaining constitutes of 1.6 wt.%.
The important studied results of long-term phase behavior of blended fuels kept at room temperature for 90 days
found that the product was able to be blended with commercial high speed diesel (CHSD) as binary liquid CHSD-
PEPFAD blends up to the maximum portion of 40 wt.% and as disohol of ternary liquid CHSD-PEPFAD-AhE
blends up to the maximum portion of 80 wt.%. However, as further considering based on the tested results of
important fluidity and cold flow properties, it was found that two formulae of the blends were interested for using
as the alternative diesel including PEPFAD30 and PEPFADS0AQE10, the number following PEPFAD and AhE is
the blending portion of wt.% with diesel. For preliminary utilization test compared with diesel on a test bench, a
single-cylinder diesel engine model KUBOTA RT100 DI PLUS was used for testing under varying loads in the
range of 1.28 to 6.40 kW at the constant high engine speed of 2200 rpm. It was found that both blends of interest
were able to well operate the test engine as same as diesel with similar or slightly higher brake specific fuel

comsumption and brake thermal efficiency.

Key words: palm fatty acid distillate; palm tall oil monoacids; ethanolysis; diesel substitute, diesohol

v
v o I [ a L 1
NI Wasnne NN uNaIIUHodTa 15U a1

v
. o s g a ° v A wmﬂ a A <3| o
i)mamumsmmﬂ%’wawmﬁmwﬁu WU UTUAY tagMasITNIa lowilundsau

" Qy A d‘d 9 ] 1 A %
9819A01H09M 118914 VD International Energy dunfaesiiiinua ldwanasedderiioadaumaiy

' Y 44 2 ! Y v o A X
a J a
Agency (IEA) NA1an13ai Iaﬂi]%iJﬂ’J"liJﬁ}’f)\iﬂTi ANuAIMIMNuIuaIRa i s imUsuanuay

v A

.y , = 3 & a o ¢ s 3
Wﬁmmwnﬁugdﬁa 50% meluil a.¢. 2030 3’1?\1 Tﬂﬂmcﬁatﬂuwuﬂuwammmmﬂmiﬂauumuﬂu



7M5815398 YHINDeNA 11 1ags1¥uIAaf3I%Y 15(3) : 659-676 (2566) 661

a o @ A =} 9 1%
uANNTINY lu@ﬂ%1ﬂuﬂ15ﬁlﬂiﬂuﬂﬂiﬂﬂ551@ﬂ

=D.

vuralug) 50’ 50 nazginsaiinTesoudoui

o

2

o o o

deamsiiasge dmsulszmalnenuaniinig e

Y
A a A =2

4 9
mfmwmmmaqm 47% mﬂmﬂ%}umumwmiu
A w.1.2564 (Department of Energy Business Ministry

2 A = Aaw ) A
of Energy, 2021) 390n15ANE139891012 laniio
[ a [ 14 [} a
NAUTIRAANUNNALUNY LBU mziwaﬁ“lﬂa?u%a
Y ? o A [} @
ﬂ?il%u?lluWG]fTﬂElN1uﬂ5$‘]J'Juﬂ15@ﬂLlﬂﬁ\1
3 9 o v I g a
Tmaqmaﬂuaﬂ LLﬁ$u1N1Wﬁ3JﬂUﬂL“UﬁLﬂuL“BE]LWﬁQ
WANED9aIU (Binary blends) H39MINANENEIU
1 = ?,’ Y =
(Ternary blends) 5% %2313 Arga-uniuny/lule
= I A 1 = J .
ALYA-LLDANDIDA LTYNI “?’]T“H?I’EJ'EI” (Yilmaz and
Vigil, 2014; Leevijit et al., 2017) @ae13150 19911
Yy Aa A =) [ % [
Ulﬂi]3\1GluLﬂ§@Qﬂu@]ﬂlcﬁﬁiﬂﬂquﬁﬂﬂﬂiﬂuﬁﬁ
A 4 ci‘ o 1 Y 4
IATONYUA UDNITNDU ﬂﬂWU?WﬂWiﬁlsﬁﬂT%aﬂa
S 1 [2) 4 4
ﬁ1u1§ﬂﬁﬂﬂilﬂmﬂ13ﬂﬁﬂﬂﬂ?%ﬂ?iﬂ@uvlﬂﬂﬂﬂllcliﬂ

9w

11 9
uazuaibdu 9 grunssemaldedniiiediny

(He et al., 2003; Atabani e al., 2012) 9614 15913

a a s = o
fﬂiWﬂ@]ﬂi“ﬁﬁ@ﬂﬂWﬁuﬁ@iﬁ’)uizﬁ’ﬂﬂﬂl%ﬂﬂﬂ

= 9 [ A

o $ o [
upaneenddalivenneid Ay Ao 1) nudnyue
3 & s Vg 2
anuiluvivesueansaaaiazay 1t uvves
= A [ o Y a g‘./ 1
e oNa NN UL IAINANITUENFY 2) AN

= ; T A = 9 L=}
FNUAINIAFANIN 3) ANUHUATDIN ALY 4)
AuaNAMUdU 9 AR 1Y ANURUILLY
' P IS Y 9 Y Y A
mnuiou 3910 Hudu vindedoodresdun
I 9 0o w &K A a aou Aa ¢ A
WudesinadelnsanarsoNad lvioosiie
sulgamslFauldifeumidma (Lapuerta ef al.,
2010; Eiadtrong et al., 2019) 1ag@%3 30143 NIuNT

a v a

Aoiaasodad ieesarugiunisdivua
unuuToreiaz i 119 lF s & wu usem
Pure energy corporation (PEC) Ide5oad 1ioas
2-5 vol.% NUONIUDA 10-15 vol.% LAz UTHN AAE

Technologies Ida3osa® 1Weos 1 vol.% uaz 1.25

vol.% NULoNI1U®a 7.7 vol.% ag 10 vol.%
(Eiadtrong et al., 2019) Tuvaziszinalnanedl
=3 Y 7 I dy a =
MIANYINIG 199 Iyaoail uFoInaanaunuaLya
A g U A U A o Aa o 4
U NuIINNBTLHIUTEN Uan. VSTNITnoua

1 a

Wosa uazgudimaluladlanzuaz faquuari

q

(MTECT) laonauai1sonad Iieosniiudi 1

vol.% Lazten1uea 10 vol.% (Srithammarong, 2003)
1 I~ o a v a 4 1
'E]fJ'NVl'iﬂgnil ﬂ']ﬁu1?”3@%@1“]511/‘]!@@5inﬂ@n\ﬁ_l‘izﬁ/lﬁ
= 1 9 [ g’/ a a v oA 4
3J51ﬂ1ﬂ@1!"1ﬂ\1@\1 PNUU ﬂ1§Wﬂﬁﬁ1§@3Jﬁ°]5ul‘V\llflﬂi
@ a =< A
‘ﬂ']ﬂ’)ﬂi]ﬂllﬂ'l'iLﬂ‘l&l@l5ﬂ181uﬂ53lmﬁ%ﬂlﬂum1ﬂlﬁ@ﬂ
d' o @ o [ [ av dal a A 4
N mummumiwmumam%mmwmﬂhaaa
Uszinalnelinisidenasauians
Aa v Aa o o [ a A 4 o a
Q] a“]fl‘lwl’f)f]iﬁ']'ﬁ'iUﬂﬁﬁﬂicﬁaﬂaﬂ”lﬂjﬁq@ﬂﬂ”ﬁ
NITINHAT Lﬁﬂlﬁllﬂfﬂlllﬁaﬂ§ﬂ1Wﬁ)1U‘Wﬂw\3\ﬂu
X 9 4 a @ 4
ﬂauﬂﬂumﬂ%ﬂ’;‘ﬂa%u%mma@amm%m

'
a A a

Y JE S ¥
N3IAEAT IHNUTEENTNANLIY FIMINEINITD 1Y

J J

a a a a [ 4
3alumamiaivdrzaanalisininansaainig
[ % Q' 49! ] < =)
M3tnpaslsudniuIuaunalnaainegradaey
Tuouina Taagludl w.a. 2559 Fn15AnLIAY
2 o s {
il 1dvesms1¥nsaluiuthdu Tuanasnnnld
1 < 4 d' I a [ 4
MAEIUNAUNIA LU1aY (PFAD) Midlumandaad
9 %:I o 4 a
waoy lasimgnaingadivnssuiiuhdus Tnn
I 1
nlddudiundunaunudiaa’ldgega 10 wi%

a v a

< J o o a a J
LlaZlﬂuﬁﬁ’l’)llﬂ%"lwmﬂ‘iﬁTﬁi’UWﬁﬁﬂI%ﬁ@ﬂ%ﬁ]

4
°

(= = %’ a a 2 %} Y

NUea MU/ tazdimusaviia It 14
FIgA 40-50 wt.% AIWITOAIANHAULNIINIGAIN
I = vAa g a
WWuveanalszozeuazliguantaiboinag

NEVINIALE D (Eiadtrong, 2016; Eiadtrong ef al.,

2019)

v A A o @ ¢

guiy ianudneninnsa lvifuidy
1 <O 4 aov cg}d
Tuwanagnndiunaunsa lvidy uiteiise
l¥nszurumstonm Tu'ladauisaiunaningns

Wnserguugiiganazaiiuaugalaelile



662 7M5815398 YH1INDeNA 11 1ags1¥uIAaf3 %Y 15(3) : 659-676 (2566)

o 1 ana a o J I U o
ansalfnse lawdanusigaheiiu daunaunsa
4 a 4 J . .
lvihdueames Aunaau (Partially Esterified Palm
A 4 [
Fatty Acid Distillate: PEPFAD) N1304Adsznounan
a3 P o v a 4 3
Wuenaamosuaznsa lviiudase iwe 14y
1 =1 aovu Aa Jd o ]
AIUNFUNAUNUAFALAZ A5 a% 1Wlies d 11 S

nand lsaoans 11

AaA o = = W
ABAUHUNIFIIVY
1 ) 4 49!} Aa o
aunaunialviau (PFAD) #0911 8N
4 901 @ o @ o o
guanyselindy Ariina duanege sunevues
[ @ 4 I o
Ing) v9rdavayys Jesadsznouiu nsalugiu
a o 4
dase lasndre lsa landwe lsa uazTuTund
4 o o
159156 93.8, 1.9, 2.2 1A% 2.1 wt.% AUE1A Y ALsa

WHWEUNTANIA (CHSD) (Heruiaemnos 6-7

' v
ﬂ"l‘ﬂﬂ‘ﬁ 1 ﬁ?ﬂﬂlu@]@uﬂﬁﬁﬂ‘ﬂﬂ]@ﬂﬂu'ﬁ]ﬂ

Y (24 Y
vol.%) 4o 1 H5EN Yan. 188 (urivw)
o d o [ [
Muanorad sunenIalvg I9nIadaval uag
) ao’ a QJ
e uoaria liliunsansmanuusgns 99.9%
4
(AhE) 910U EMunsnigasuiinsina
(W)
a o »dydqd o =) g’/
111139 ULITMIANL LY 4 VUADU
o A =~ 1 < 4 a
nan e 1) MItgsenaIunaunsa lvildueamoes
4 [ a 1
Tdurearudlsnszurunmson Iuladalas 1y
159l §nser 2) msanwinganssuan
Y
QUYMW PI5282011U0UTFOINAIHAN CHSD-
vAa I
PEPFAD- AE 3) n1saAny1nmantianisiiu
v 9
YOUHAMALNS 1N AY VD UFDINAINTY LAY
F v
4) mynaasulFFomainauniiaulalu

A J zil Y =~ ~ v o 1
L‘ﬂiENEJ‘L!G]L‘]JE]\W]‘L!L‘lIiEJ‘]JL‘VIEJ‘]Jﬂ‘]JG‘IL“Ba‘]JULWI‘N

E4 1
nadoU AvdFUIUADUMIANY AA15197 1

YUNDUMIANH

MsANMIVB AR IUNDU

1. MIIss e 1.1 719 PFAD

@

PEPFAD @10 99AU PFAD Uaz  gaivigil 275 °C

ATZUIUMTION
Tu'lagalas'lily

A3a1lgnIen

1.2 193 gUNEY

AhE i 99351871

TaeTlua 1:1

1L3gnsen  14qula

a

HPAND DT
[ J a o
AMUAU 70 1135 Nl <120 °C

I =1 I =1
1Wunan 60 wN Wunan 30 W

2. wpanssuvla
F2UZH1IU04
FomasHa
CHSD-PEPFAD- 10 wt.%)

AhE

] Pl
2.1 L@%ﬂNL%GLWﬁQNﬁNHWWUﬂS’JN 10.0
12 A o ! 1 J
N3 NdaTINVRIAaLeIAllsEnoY

11929 0-100 wt.% (NN 9 HI9 MIHEY

2.2 Metlshgungiiies (Quugiseiu
' 1 I v A
8¢ 114939 22-34 °C) 11lurIa1 90 T 1ie

dunanganssumaszezen

wa wa <
3. QuauUams 3.1 parautianadlu

] a
Wuveunanar  veunamazms lian
mslvandwny  dinny 1dun 1) 9au 2)
2
youFomawway 9 lwam uaz 3) A

A 4
NUAIAUATAT

A & a Aa
32 La@ﬂl%ﬂlwaﬂﬂllﬂmﬁﬂﬂ
I
ﬂﬁ!,ﬂummmmuazmillwa

N'THIIW@ST@TL! HSD uag AED

A

3.3 Anvnuanta
dy A Ao w
oA Ay
@ 1dun 1)
ANUAUILUY 2) AN
9 '
ANUToU 1Az 3) M

Fnu




7M5815398 YHINDeNA 11 1ags1¥uIAaf3I%Y 15(3) : 659-676 (2566) 663

M519N 1 (99)

YUADUMSANH

MIANHIVR AR VUMDY

] A o
4.m3naeeulys 4.1 naasuluinIossua

AB{/ a A = = Ay Y
NUIFBINAINANN  AlyaguIAe) Bvieg Tual
Waulaly JU RT100 DI PLUS Y119

A s Ay v
INTDIOUAITDIAY 10 115931
WSeumeuny
S 1
AFAVULUNY

GGRM

4.2 Qou'lymsnaaey 1)
wasunilaaniseluae 1.28-
6.40 KW 1182 2) ANHIE2T0UGY

A% 2,200 rpm

4.3 Hansnaaoy 1)
o 2
ons1aulany

2
FDINAIDUNIZIUT A

2) UsLaNTNINF

ﬂ’JHJ%}E]uL‘]J‘iﬂ e

3) gungil loide

Funoui 1 N15aseuaIunduUnIa la
4 a o 1
hdueames Idvradiudronszuiunis
o Tu'laga Tae lildansalfnser Gudaonis
o 1 ) 4 ] 1
Fravianuazeradrunaunsalviiduesgiadie
1 1 901 . g}J
uazn135gu lau (Eiadtrong ef al., 2021) 910UY
wsgNaIuRaNd sl gae Tassadiunau
14 [ a =} ?}I
Asa lviay 1724.5 a5y vazemuearsiia i
y H 1
275.5 51 (H111IN570 2,000 NTU NoAs187U 1Ay
o 1 1 ] 4
Twa 1:1) i ldmuguravedisieludinnesyuia
a ' v y A a J
3 aas vuumuInauioungungil =50 + 5°C 11
a1 15 w1 (AFlunruriia 6-blade disk turbine
] a a { <3
iduruguena1e 70 Taamas Anwsaseuns
91 =250-300 rpm)
Y
vIndudIuRdy (2,000 n5u) 1539

aan

o A a 4
wazihgnse luganaasunioslfnssinuuny
a @ A 9 @
YA 2 8a3 A lavzunsun i 1 Uszneudie 63
a o a 4 1
Unsalunna 2 803 FASHABNIINTEVON 3 kW
J < 1 @ t
FTUUMA0IIY 1Az nieluindoya muTuaow
1 1 dy d‘ 1 a
mynaasslavgene 11l ieussyarunaunazila
@ a 4 a) J
dhidvlfnsaliSovdoondn Wadames linnudou
Vv a t4 [ a [ a < Y
unavlgnsal (Tagurglludalgniaiaie
J o & a Y
mos IuAua type k HazAIUANMUKYN N3 14

9 Y A an = Y
AITNIDUAIYLIATOIAIUANNVUAIADD 81D

DIGICON 31 MD-400A) Tag3zn31ans 1A
Yy o~ o & o ' .
iauumﬂﬁvﬂmumuga HPLC pump §U Series-1
4 @ Y [ A Y
HAZI1AINIVAVANINAUAIUNAY ¥ D GO

Regulator 3% BP-60 Series 538A1UANTAYIAIY

a

'
a [ o

o 9 a S Y o
auludalgnsel 130 =70 115 GUIVIAINITY
aan 4 a [ a s A a
Ufnsenloguugiludalfnseimudiguugiinig
Wlfnsenndesns (=275°C) llauasuszezinm
v 9
Wz enfidue (60 W) 1miudstlaszuuli
4 a 1 < A a
anuIouazlaszuuvidedy Wogunginiely
d’ a 4 = ) a [
1A YNIalanaunas =65°C MMstassuunae
< A [ Aa d o Aa @ 4 [ a 4
wu larnslgnsalihnaadunioonsinaallgnsal
' P ° ' ' s ¥
lafinnesudnirllgulaneanseseauaziituu
1 § a I
uinlinnuSounguugil =120°C Wuna 30 Wi
a o PR < rd a I
v ldnaasusiarundunsalvihduoames lvla
' A
119@IUN ABINS (PEPFAD)

v
-

d’ = a d'
vUAOUN 2 ﬂ'liﬁﬂ‘]eﬂWQﬁﬂﬁiiJW\lﬁﬂ

4
Qﬂl‘l’iQNﬁ‘@QingZEJW’NJ@QL%@LWﬁQN’dll CHSD-

PEPFAD-AE 110193 8ud0813 1uaiauirviuia
3 Aa a 1 [ Y=
@nnurhilalasmswe I darunaudnnuadleiie
T ' . = dy g a
9819418 (Eiadtrong, 2016) Tun15Anu1Hi¥oi1nas
HAUNAATIUMITHANAN 9] VoudazeInlsznow
Tu%29 0-100 wt.% (AN ) ¥ MTHAN 10 Wt.%)

~ 9 A & aa = Y [
Qﬂl@]ﬁﬂilTﬂﬂﬂlsﬁlﬂiﬂﬂ%iﬂﬁ]ﬁﬂaﬂﬁﬂ METTLER §U



664 215815398 ¥H1ING1aeNA 11 1a851519naf5 %8 15(3) : 659-676 (2566)

AL204 (ANNAID8A 0.0001 NTY) LAAZAIDEINYN
~ ya 3 @ o
waon 19 NIMINT I 10.0 D5 LazAIUANAY
d' 1 I3 ]
aaanaouveLdareanlsznou 13 1uee £0.05
Yy
wt.% NS UMTIATINFDINAINTY 2 §IU (CHSD-
PEPFAD, CHSD- AhE, PEPFAD-AKE) 42018790
v Y N
yssuazFuiinvesudazesslsznouaiu

@ 1

dadau Uad udnildguuunnuldanudoun
A Y = ' Yy A g
QKN 50 £ 5°C MNUUIIVS WA IBUITI U
=t 1 3’1 Y o a g
1 W (@unaunanuanuailuveavianile
2
0E7) ANTUMTIATIUFDINAINAY 3 AU (CHSD-

Y
PEPFAD- AhE) 1 U115nY2AUAIQNUTIIAE

PEPFAD utaz AhE mudadiu Uaruazii liqua
= Y ' 14 A g
QNN 50 + 5°C uanvdmaudleloumal 1

' @ I
U (drunauanudiluveuranaden)
v v
INUUTIVT59 CHSD tiwawdadiuiad waz
o [ H a [ I
i ldguitquingd 50 £ 5°C udndrdaeiieriu
= U - 9 v A
(a1 1 W (@unaunIvuanuauveamad
=S oy/ =1 o w 1 Ay a
lafgd) 1INUUINIVIAAIBEIUFINAINAY
[ 2 P a 9 v R
nanwa lletal3nguugives (Tuiinnis
§ a @ T 1 I
nlasuuilasgamgisieiueglugig 22-34°0) 11lu

52021781 90 U tWedunangAnssulaszeze1n

£ a '
ﬂJﬂQL%ﬂLWﬁQN’dNﬁ@Ul‘]J

1

o o
1A UETUNEAY

~ A a % ) v a % a - P
HaMNNn 1 ]lﬂﬂglm'illlﬂi@Qﬂﬂﬂimuﬂﬂﬂg 1lszneunie 1) ﬂﬁﬂgﬂimmu’]ﬂ 2 8915 2) IAUNDIHADNIINTZUDN 3 kW

=] T3 o a 4 ] a o 14 ' v KX 9
3) sEUUnAREY (3.1) SEUUHABIIUNNIAl (3.2) sTUVMARIUNANN MW 1ag 4) UeTiuNNToYA

(4
v

d’ = va I
Yuaaun 3 Msaninaanianisiu
H 4 H
YouUHaMarNI landidnyvouronasnaui
auly 91nma MsAnEINGANI TN AV UFDING S

Welly CHSD-PEPFAD-AKE 92N51090 U6 1853

[T ' ] 9 @ 4 a
yosdadIumsneay 0619150 d1usuEeINGs

§ 1 2 ) L
paudiinnuitgulalumsiiuii lddszgnaly
I dgll a =1 = a Y
Wuremdmaunudwa (@enuoawia luli

HENBY <10 wt.%) ziimsAnyIguanian iy



7M5815398 YHINDeNA 11 1ags1¥uIAaf3I%Y 15(3) : 659-676 (2566) 665

Yy
(% A a

GUENL“Ha’JLLﬂ$ﬂWEI’lﬂaﬁﬁWﬂﬂJGU@QLGB@LWGQNﬁM

b2

Y A ¢ A
1aun 9ayu 90 lvam uazanuviiasarmans (o

a a a

9 Y ) @ A X a A
lmiludeyadimsunisaeniaimasnannin
' o I 4 a
Wanllumstszgndlfiludomamaunudia

3 . .
mummgmﬁmawgmm (High Speed Diesel:
o (2 4 o
HSD) uagatwad 1 miUIAS0qoUANITINEAT
(Agricultural Engine Diesel: AED) ¥0413zimel 1ne
Aol FanadouauanlianuITnagoUNINTFIU
YOITWIAUNINATDVUALTAADININY (American
Society for Testing and Materials: ASTM) Taw
Yy v
Wwormaanduiignidenvziinisnaaouguaniia
dy a d‘ o [ A a 9 1 1 1
womasndinaunuay 1dun anuvuinuu a1
Y 1A A 9 9y

Anuieu tazammmy e ldiudoyalunis
fulruvigussouzuazlszd@nsninues

A d o [ ] A
IN30998UA d1TUAYY 99 lnan anunila

4 [} J A,

amanas uazaNunuuly ladinageua1uis
U19331U ASTM D2500 ASTM D97 ASTM D445
118z ASTM D1298 @1ud1ay Neu1I v IAINT 51
Al ANEIAINTTUANANST VI NS BAVAUATUNS
mudou Iddmaaeuamiitinasg e ASTM D240
o @ 4 a a 1% a 14
dninas eslioInenenans avmnendsaavaiuasuns
uag Mdnu ladanagouauiTuInTgIu ASTM

D613 NUTHN an. 10a (WH1¥U)

4
4

r 9

Yumoun 4 minadoulFNuFBINAIHAY
d' [ d’ a’ti’ 9 =1 v A
frauly luasessuaiiosdunfSsumeunuamwa

! Y o A =
vUuNunaaey lammsnaaeuluasoseudaiya

a A A 43‘ a Y 9 9)

quifer siadadomaud ieun Ind Tasasa

@voqlud1 §u RT100 DI PLUS (510021900904

a

A 4

1A UANATOULAEAI Y 915197 2) VUUNY
A A Y
naaov laurTulmes 81 PLINT & PARTNER
W 12 1333 s laezunsuganisnansslunm
71 2 Taedsuasuu)asnise luea 1.28-6.40 kW +
{ 3 { o
0.5% NAVITITDUFIAIN 2,200 + 10 rpm FALT I
[ 1 a o
nszmonvnga lau luiines (A11Me12 1.05 fi)
Tagldinsoasauvuadl3a8ie SALTER (A1
4 o o I'4
az1d8a 0.05 Ibf) 1ot ldd I usanesn
(Brake Torque: BT) 1agN1a3Us5n (Brake Power:
d’ Jd v o a =Y
BP) U041AT038UA 1A9AI103 IraralSuansves
X a ) a
wornadlaslenszuenaie (ANaLdea 0.5 ml)
HAZURATUNAEHD ALBA (A1Na1d89 0.01 s)
) 3 A o Yan o I 1
JaanusisouveunIedsua laglaainaulaa
d [
1AD3 31 PR-01 N-S(A214a£1d8A 0.1 rpm) 19
A X a I a Yy 9
gurglvesdomdwazund loide Tasldaidraen
Al 4 v | A
933U A1210 tazaemas Iualilauny K (A
° 4 o
az1d8a 0.01°C) TAgINMINAADUIATBITUATIUIY

g [ < ' v
3 a1 (Tunussauiluainae)

a ~ A ¢ Ay R
AN 2 i'lﬂﬁ$&’ﬁ)EJﬂLﬂi’ENEJu@WI@ﬁ@']JEJWE]ﬂIUWI JU RT100 DI PLUS

v a
YaanNINAUA

A s
HUULATOIEUA
9AI1AIUNTON

YSuasnszvengu

Maagage

° A
NIAABDIUDY

Y Y
uuue s Tnsl

Qe 4 919192 1 qUUDY
18:1
547 cc.
7.4 kW/2400 rpm
6.6 kW/2400 rpm

a & A Y 9
Aaromaatioaum T Taense




666 215815398 ¥H1ING1aeNA 11 1a851519naf5 %8 15(3) : 659-676 (2566)

HansIveMazIn15aiNa

1. msasanaIunaunsalvidumeameslva

vemulaalilFans al§nsen

J

M3 sudmnaunia lvihaueamoss 1ld

a

vdauTag Lilddusal§nser mndoyagungi

v [ a o [
wazaNuauneludulgnsalnszeziainism
UHnTe1a19 9 yanaassamini 1dese duaag

{ < J o o @
Tunmd 3 sziuldudsnndsuanuduniely
@ a N ¥ J A ' v '
oansal 14 =70 115 (iR 0-25) ArugRUMTYU
THanudou ganaaosldszeznarlunsquld

Y = A o a J
AWFTOU =60 UIN (WINN 15-75) Meludalgnsal

=K A

vllgugiineganiiua 275°C Tagsznien1sm

=

UT81 60 UIN (WINTN 75-135) YANAADITINIIO

aan a l

AVANTAIZMITINTE1959 F29UININ 100-135
Id [ A @ o a o
Hlureidameidamsiiinu guugiinazaiudu

2 o v 9 & [ ' o
aAadvITNEIANUANAIB T I UG TagrI9I

U381 60 W NgaInniinay 289 + 6°C AZAIN
o
5

H ! Y
AumaY 72 + 9 113 e dugamslgnsenvzvde

[

) LS v
wuateiiuyatulvgun

a J

ynannuNanag
1

9y

q
4 =
3 191921 =40 U

IMAD ~65°C NATUAU ~0 U1

Do

=

v

9 o a o J @
(1131 135-175) MUUTNNRAASBNDDNIINGY

a o 1 1 4 ’o’ d' a dg! 1
Ugnsar hlgulaneansaeauazininfayusering
o Aaan 1o ) a @

m3vinlgasen Taohisuiludesthraasaei lda
Y 1 1 %‘ A a
unhanuazeauazgu laduimaniouns

a Yo 1 Aaan
naauuy g sgnsen

o - -
ATINIMYUNJU ADUNANDT
L \
|
|
|
|
v ¥ o |
iy ! -
|
! [
| ((—
! I - .
— I e | - \
v o ¥ | — !
NVIATEAUTINY | v o . !
1 FANAADNN DT !
! I
oo ¢ w < ! [
gilnsalianesa | asrvdannusisen! i
i ] v 1
| | |
| . |
L— — e — — A ¢ *
RGN R
2 4 . ) loide
& a s
o ' lawTuiines alud
- RT 100 DI P ¢
B n L] - 2IMA

i 2 laezunsuununaaeuanssaus (Eiadtrong ef al., 2018)



7M5815398 YHINDeNA 11 1ags1¥uIAaf3I%Y 15(3) : 659-676 (2566)

350

667

120

Ianufou
300

250

(°C)

200

a

N

150

100

50

g
nastgu

100

80

HBrLLY

60

(cLr)

40

20

80

P3N

uUnQN

100

(W)

200

d‘ a @ A a t4
MNN 3 'qmwgmgazmwmumﬂimmmﬂgﬂim

d' ) a [ P Y a 4

iwerimaan i n la 11U3ias12 v
4 =
p9A13znoURIEID Thin-Layer Chromatography/Flame
1 a I'4
Tonization Detector (TLC/FID)‘IN‘]J’NfI PNAUDWIND T
v a 4 4
Asa luiudase lasnde'lsa lanae lsd uay
I'4 ]
TuTun@iwe l5deg 71.6,26.8,1.0,0.3 1Az 0.3 wt.%
o w [ g;/ = Y a 1 <

ey auiu 3eagl 18 msraaaunaunsaly
4 ga 4 1 a [} I'd
1haueamoss AU e uaINI0es suUNaAN Bl

9 A a £ a S Y
ganieflinuusgnivostofatodnes lalu
o e g A v
FLAUG (270 wt.%) wonaninlluiniiudud

o [ a 4 A I
Tagna lud11 efiaeames iaueauiiansilu
vounadInanInsalviiudase (Prasit and Somnuk,

=)

A o a o JA A P g
2017)uazmamm@wammmmmEJaJ"l,m:mmm

o I ' A IS4 a
EIﬂHzVINﬂWEJﬂTWL‘]JLlIIEU’ﬂBHVIQQAHQN‘H’El\i TQEJN

1 [l Y [ 1 o J {
ﬂ’ﬂlll,mﬂ@NE)EJN"]MH]L!ﬂUﬁﬁuﬂauﬂiﬂ"l"uﬂ1allﬁ

a g

DUN

Q

& , Yy 2 A v 2 o
L‘]Jul‘l"llﬂﬂum']\‘lll"llﬂﬂqmﬁ N AWHAU ITAUNIY

=

Aa QJ a o a [ u’d' ~ YR
i gnsveseiaeames lunaanmsines o lavdl
' o o A <3|
walagasanoszaumslivlgsgaauianisdu
a @ A o L I
vounalrvesnannunnazi ldszgnalaiu

dunauAa/a lseoans 11

2. m3fnemgAnssuafioumgitessvazen
VOB OINAIMAN CHSD-PEPFAD-ARE
MSAREINGANTS I asLoze1Iv0
\% 01N FaH U CHSD-PEPFAD-ARE 1110152151
anumnsavudulumsidudiunaunanny
fiwa/dlvans seuanudalaezunsuuay
woAnssula Fan i 4 uaz a5 awdidy
Taglumsiiindadiumsneay PEPFAD Tugaq 10-
40 Wt.% I¥OIMAINEAL CHSD-PEPFAD azidoimas
oY CHSD-PEPFAD-AKE 813159 A4a8 0142131
younaudaded lanndadiu uazludadiuns
Wars PEPFAD 11999 50-90 wt.% Wii1 1301Ma4
1AMy CHSD-PEPFAD 5P 15 1R 4 u1Aai 1

TuvaeNI¥oIWaIWay CHSD-PEPFAD-ADE

<3| = v
fﬁlﬂiﬂﬂ\iﬁﬂ1M$L1JNGIJ@\3LWE1’JW‘I’§TLQEJ’J"1QTIT‘I

a

I
va s

AN

9
[ 1 [ a

m
dadiu asiueniueasia lulivadingueay

o w

a1y

bg

Tumsasamuziuveunaunafordmsy

1¥OINAINAY CHSD-PEPFAD-AE 1% PEPFAD lu

LAVYI (540 wt.%)

7



668 215815398 ¥H1ING1aeNA 11 1a851519naf5 %8 15(3) : 659-676 (2566)

NARaMINAaeIaINTasuiu1dnsi
UgAzenem Tuladaundiumunsaiindadiu
MIHEN PEPFAD nUianywinnsanisa 15lu
FoImAuraInay 2 #7 CHSD-PEPFAD 18 <40
wt.% (CHSD-PFAD 18 <10 wt.% (Eiadtrong, 2016;
Eiadtrong et al., 2019) nazwauiuaomaunan

Well 3 @71 CHSD-PEPFAD-ARE 309 l9a04 la

<80 wt.% (CHSD-PFAD- AhE 18 <50 wt. %
. 9 a @ I o a
(Eiadtrong, 2016)) Aaenansaaiiesnllseneuieia
4 o xR I
mﬁmﬂﬂusmuqﬂ (270 wt.%) Fau a1 Uiy
vounaazdinuraensa lviiudase (=20 wt.%)
Hrinndusias lweesdedenalianuaiuiso

& 2
Tumawauiuvouraigau

PEPFAD
o R 100
104 ..y O Liquid 1 phase

A Liquid 2 phase

< Liquid 1 phase + gel
s O Gel

100 CHSD

v 4 vlalaezunsuveudema ey CHSD-PEPFAD-AE

VRN Tt



7M5815398 YHINDeNA 11 1ags1¥uIAaf3I%Y 15(3) : 659-676 (2566) 669

4 a d' a g a d' 3 1 \
MW 5 Wi]?lﬂiimwa’t’l@ﬂ!ﬁﬂuﬁjﬂﬂ‘llﬂQL‘K@LWQQNﬁll CHSD-PEPFAD-AQE Naa@IUN1IWel PEPFAD AN 9

U

¥ 1
HN8LTi: “VilﬂfJLﬁﬂJUNI?hGU’JﬂLLﬁﬂQﬁQﬁﬂﬁ’JHﬂﬁWﬁll YU L%mwawau 0-0-10 Wu1ﬂﬁﬁﬁﬁﬂﬁ3uﬂ1§WﬁNﬁ

CHSD 0 wt%, PEPFAD 0 wt% Liai¢ AhE 10 wt%

=] WA I d‘
3. ﬂ]ﬁﬁmsﬂf;]ﬂ!'s’mﬂﬂiﬂi!ﬂuﬂlﬂﬁ!ﬂﬁ)!!ﬁ%ﬂﬁ“lﬂaﬂ

o

SRy Vo uTINR AN

v
=

InHanIsAnEInNganssutan
a 9 A o 1 d' 1 A
guMaineIszezeIldI0d19ni1auly As
PEPFAD(10-40) 1182 PEPFAD(10-90)AhE10 (87
1@YNAIUNAY PEPFAD 1182 AhE Ao daaiunis
= [ A A o I
NauNUAYa T8 wt.%) 1osanianyaeiilu
n g oaa?
vounawmdenazmauemuaayialuniiiluy
FLAUAT (10 wt.%) JUHUILANADNITANYING
nagouquantianmsiluveuraluazmslvai
dnny Usznoudie

] I wa <
pavuuagya lnam Wuauauianmsiiu

vounaIfigaiigid MnnamInade Uy 90
Yuuazya Inamyed PEPFAD(10-40) 1315 0Wa N
PEPFAD <30 wt.% #3401l 6 Taeqauuazqalna
AR dad U AL (+2°C D3 +11°C
1Az 0°C 94 +16°C auaduNeUnUAa) d1msu
PEPFAD(10-90)AhE10 211150 H a3 PEPFAD <70
Wt.% Fan A 7 fgmjuu,amqﬂ'lwamﬁﬁuﬁuﬁumu

FaaIUNIHEN (0°C D9 +7°C Ay +1°C f +8°C

MuaauNeUNUAIYa) 1199910 PEPFAD 1A190
] 1 Y t&l a = ]
Yuuazya lvamgedwaliiyondawauiigagu

v Y
wazya lammuiuandadiumsndy Taoagl
Y
PEPFAD(10-30) itag PEPFAD(10-70)AhE10 H1UNN
= 3 a o o A o
MAIFIUAE NS WA AT ad 1T VIAT08UA
MIINHAT

md’d 1

Anuniinvaumans Aonuaniianiinad

= %’ Y g a 1
MINAUNUFOINGT HAMINATDUNUI ANUHIA
4 2 o 1
UM AAT VDI PEPFAD(10-40) 1Hinyuaudadiu
MINAN (+12.2% D4 +53.7% auaauiie U uasa)
@39n1MA 8 #1451 PEPFAD(10-90)AhE10 Ndada7IU
A1SWEY PEPFAD 191 10 wt.% UA1AIINH A
P2 Y A o A A 2
AUMNANT INAABIN VALK (-3.2%) HAINUUYUAIN

FAAIUMIHAY (+15.0% D4 +106.5% Mud1iaUien

e

~ 9 A Y] v Y] 5 '
VALEA) AININA 9 11NV YaTINAUILITHUI
BNIUDANTAIIUN AR (1.08 mm’/s) (He ez al.,
[ [} A J

2003) A3l ulyeanuriaraumansvos
X a 4 4 X '
IFDINAINA NN UIINNTHEY PEPFAD 130814
Hisza@nswa Tavdgi PEPFAD (10-30) nag

PEPFAD (10-70)AhE10 JAUM AU aas i1y



670 215815398 ¥H1ING1aeNA 11 1a851519naf5 %8 15(3) : 659-676 (2566)

¥ = < = 9 [ A J
MINVIATIIUALFAVYULTIUULASALTAT IV TUIATOIYUA
NILNEAT

wva I
ﬂTﬂWﬁﬂ1iﬂﬂﬁ@DﬂmﬁMUﬁﬂ1iLﬂu
= Ao = A
"ummaauagmi"lwawqquum INLADN

3|

PEPFAD30 11a¢ PEPFADS0ARE10 11 udied19iiie

20

--O--- 3%

—1—yalnam
510

q
25

@ 0

0 10 20 30 40

AAAIUMINEY PEPFAD (wt.%)

v
wva a A [

Y 1
nadouAuaNTAIToINaINd IR Y INULAL
U52A0UAY ANMUUUILUY AN DU tazan
= A I @ ' A A 9
Finu iiesnmiudlegraniuua Tduaiuise

@ A J Y
NATDUNUATDIYURA ﬂ’]ilﬂygli"l@

--@--- AU 20

—— 99 lvam

10 30 50 70 90

FAGIUNITHNEN PEPFAD (wt.%)

M 6 yaunazya lvamued PEPFAD(10-40) 9wl 7 9aquiazya Inamaues PEPFAD(10-90)AhE10

(mm?/s)

=
ANV UA

2 T T T
0 10 20 30 40
FAdIUMINAY PEPFAD (wt.%)

NN 8 ANVHLIAIAUMEAS VD PEPFAD(10-40)

o

] I ada
AIIVNHHINUY Lﬂuﬂmﬁﬂu@ﬂh

@ 4 o @
ﬂ’J"Illﬂll‘W'Ll‘ﬁIﬂfJ@liQﬂ‘UiJ’Jﬂl!,ﬁ$1/‘lﬁ\3\ﬂuﬂ’nll%’@1!

X a A a Y 19y 9
youFornaIngnIaigeum nil wanisnadon
NUI1 A INHUILUUYD S PEPFAD30 Lay

PEPFADS50ARE10 HA1NIAY 838 g/l L1ay 845 g/1 3

AGINIALYD +2.0% UaE +2.9% A1Na1AY 1Ay

F
A a

v 9
IFDULWAINTUN 2 g9 ﬁmwmmmmgmawa

< o [ 4
Waluﬁ?llagalcﬁaﬁ']ﬁ5ﬂlﬂ%@\18u@c{ﬂ15lﬂyﬂi TG ON

a

I uInemueaniaNuruILUUa (771 g/1)

(mm?/s)

N w 2 w1 (o)
|

3.4

A
ANUNUA

1 T T T 1

10 30 50 70 90
FAFIUMTHNAN PEPFAD (wt.%)

MNWAN 9 ANVHLIAIAUMEAS VD9 PEPFAD(10-90)AhE10

(He et al., 2003) #131350%781U35U139A1A210
1 g a 9 1 =~ a A
nuuveIramae laedalilseansma
Il Y ] a 9 A Y
A1nwsew Heuenlsuiannuseunld
9149’ a o
1M Indiyemaslumsduanl wamsnaaou
WU31 PEPFAD30 ttag PEPFADS0AKEL0 3AUNIAY
43.3 MI/kg 1ag 40.0 MJ/kg 18160 F93A161077
ALBa -3.6% 1AL -10.9%A1NAIAY 1119391AAIAIN
9 ' o s Aa <
Fouvevomueataza U UNIa lviha weames 1va

PNFIUTANNINY 22.8 MI/Kgiag 39.5 MI/Kg



7M5815398 YHINDeNA 11 1ags1¥uIAaf3I%Y 15(3) : 659-676 (2566)

= o

ANIAYA -49.2% 118 -12.1% Aua1aU (Eiadtrong

' Y 9 g a =1
etal.,2018) dana limnudouvousoinaInaull

671

J a J 1 a1 1 =®
"lmﬂmmaﬁmm"Mﬂmamuumqammmuaam

J Y U o s
+73.2% ?NW@THﬂTiNf’fllﬁ?]uﬂauﬂiﬂll"llﬂ"lau

o [} <3 1 Y 1 o a 4
Ad1as 0819 15naw MANuFouvesdIUNaUNTA  10dAINeT 1WA
M9 4 guaniaremdiidiyvouromaimagou
panUAoINa nasgulszma’lng IWorndmaaoy
HSD AED CHSD  PEPFAD30 PEPFADS0AKE10
9 u/ga liam (:0) na/<10 na/na. 3/-7 14/9 513
Auniiavaumansn
. 1.8-4.1 1.9-8.0 2.46 3.53 3.40
40°C (mm’/s)
ATUHUILUUN 15.6°C
810-870  860-900 832 838 845
(g
QRGN =50 >47 65.3 - 54.0
AMANUTOUFI (MI/kg) na. na. 44.9 433 40.0

HNYLHA: n.a. = non applied; HSD = High Speed Diesel; AED = Agricultural Engine Diesel; CHSD = Commercial

High Speed Diesel; PEPFAD30 = 70 wt.% CHSD-30 wt.%PEPFAD; PEPFADS0AhE10 = 40

wt.%CHSD-50 wt.%PEPFAD-10 wt.%AhE

AMTNY VIUONDI UMW IUMTAT2ITR
A - . R
VOUFDINAT INMIANHINUI DMUBANAITINUN
@131 N (Eiadtrong ef al., 2018) 34 1A ta 0N
I @ ] 1 '
PEPFAD50ARE10 1T u@eg13lunisaanaaoua
FINY HAMINATOLNUI PEPFADS0ARE10 HA1Hny
v Y
54.0 AIN1ALFA -17.3% UATINITOHIUNININTFIY
= < =1 o o A o A
ArranyuEuazAad 1M UIAG oIeUANIINEATH
v 13 >50 uag >47 muaay aawa’lil PEPFAD30
A 1A [ 3’./ =Y < =t
HAIHNUAITUNIIAT T IURITa N T Az Al
) [ 2 4 Y = @ A
NS UIAT 0 UAMTIIBAT IAIFUIASINY tazlial
A ~ ' A = o o
FINUNGIN 54.0 WonlFeumeudadumsnanny
PEPFADS0AE10 199115199 4

v

k4 H
NAKaMINAd UM ANATINGINd1ATY

b7

awnsnaz11a71 PEPFAD(10-30) ttag PEPFAD(10-

1 ] 4
50)AhE10 T 193 u 90 Tnam aAnumilavaumans

Y
AANUHUILUY AIAINT DU HAZAITINY HIUNT
s < =t o I A 4
MATFIUATANY UG IAZAYAT 1T VIAT 0I0