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Abstract

The objective of this research was to investigate the effect of primary
and secondary air ratios on the combustion behavior. In this experiment, the
vertical biomass burners had an internal diameter of 30 cm. and the height of
70 cm. The air that enters the burner is split into two portions. The primary air
transports the fuel from the screw conveyor to the bottom of the bumner,
while the secondary air feeds the center burner in a three-way swirling air
system. This experiment used rubber-wood sawdust as biomass; biomass fuel,
dust from rubber wood ivy sifted through a 1.5 mm hole sieve. Combustion
with a heating power of 150 kW and 10 percent excess air, tested at primary
and secondary air ratios of 2:3, 1:1, and 3:2, respectively. The result showed
that injecting secondary air creates an intensive combustion reaction inside
the burner's center, between the radius ratio (/R) 0.33 to 1.00. Considering
the flame's nature, it was discovered that when the primary air increases,
numerous large particles escape and catch fire outside the burner. A primary
and secondary air ratio of 2:3 results in a maximum flue gas temperature of
925 °C and a minimum carbon residual in flying ash of 38.22 %. The combustion

efficiency is expected to be 89.29 %.

Keywords: Burner, Pulverized biomass, Excess air, Secondary air
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Volatiles (9%W) Fixed Carbon (%W) Moisture (%W) Ash (%W)
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mﬁmiwﬁl,wmwﬂﬁm (Ultimate analysis) As received Base
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49.4 6.1 0.4 0 43.9 17.5 16.2

iy Laphirattanakul et al. (2020)
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P ™
Tadeulvrainsnaasmiunisan 3

8n3N13U0UTBINGS (M, ke/s) dmsunmiswningd aunsaduinlansaunisn 1

Thermal Throughput
mfuel = LHV g p (1)

Wo Thermal Throughput fia M&IAINTEUVDIAINT (KW)

LHV fo Aianudeuvendomas (MJ/ke)

USinmeanBiau (Mg, ) dmiumsieniygd asnsadwaladsaunisi 2

M M M
Mo,  air & = Xc > +& > +Xs > —Xo (1_XH o)ﬂ' @
> kg fuel (waf) M. 4 M, M, ’

do m | K9 | o maluanavessie i
' kmole

X, fie ddiulauuavessiy i ludamdniunannanusulagn (daf)

Xuo Ao dndiulasuiavedt (H,0) luemndmusiaanien (waf)

2

y) Ao dMI1@IUDINTAAIULAY (excess air ratio)

Vanallulasiau my_ ;. feglueiniAanansadwalddeennisi 3

mNz,Air|: kg Nz } m YNZYAir MNZ (3)

kg fuel (waf) | 4"y

0,,Air Moz

o Yo, x4 fie dadhulasdiunsveseendiau O, lueinia (nsunfiaziviiiu 0.21)

Yy, ar = 1Yo x A0 dndrulneuSunsvesesndiau N, lueine
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USuaenia my, dwsunisenind anunsadiuinladaunisi 4

kg air
" | kg fuel (waf ) | oA A @
AlrL<g fuel (Waf)} o, air My, air

gnTdmINIFRDRINGWINg Y]] (Al F),,. @1m1sarwinlafiEunisi 5

stoic

(AIF),,, =| ar (5)

stoic

fuel

Sewavenmaaluiu (%excessair) @1u15aA1uIlAGeEUnIh 6
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Abstract

The objective of this research was to find the optimization condition
in pectin extracting procession from sugarcane leaves by hydrochloric acid
solution. Designed treatment from the Minitab program and following main
factor was pH, extraction time, and temperature. There were 15 treatments
followed by 2-3 pH, extraction time was 30-240 min and the temperature was
60-90 °C. It was found that the best condition for yield was treatment 10; pH 3.0,
extraction time 30 min, temperature 75 OC, and the yield was 22.65 percent.
The lowest yield was treatment 1; pH 2.5, extraction time 135 min, 75 OC, and
the yield was 8.65 percent. It was found that the main factor for extracting

pectin from sugarcane leaves were pH and temperature.
Keywords: Pectin, Sugarcane leaves, Optimization conditions
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yia 1y waglad wazinafu Wudu (Lopez-Velazquez et al, 2021) lnaianiy
asmeiuduasiannsai vl lenlusuenamnssulivainvarsluiagiu
U 9AFTINTIIMNT MIKANLEN 1nFesu o1 Tvazans wagsalufwhudandes
Taganansnuniedoudiale Welinaefulvazarsirdssannisgyaluns
1446147 (Blanco-Perez et al, 2021) Fes1amadusgludiailaniuas 1,500 -
8,000 U Fuegfuiosazmgioamasluaslinedimoiveunaiu warduandsiuly
Tuusiazingau

fei udell Julsdnwannenminzauvesdadeninadenisadanasiu

NnludeslviliSesasnaniniiginian laee1@du35uuu Box-Behnken design tiveld

Aa o

Y
A115UN1599NWUUNISNAARINTFILUSUINNTT 3 AkUsAUlY (Demirel et al., 2022)

waglvnam e ilidud nuuamenilslumsdanmsdgmauneasusuuaiunise nie

a =

wazduazeouIn 2.5 lurseusuinainniswitudeslang

vAtuUN15IVY

Funoumswieuludes

wuludesananlsseslunduneluuazen Ywmingass1ll Hrudeu nanay
W.7.2565 Bhandredaetinazern antuihludesunduneruliiawinanuen 5
wuRiuns ntuiluduasiBendeniestiuazBendiio Nanotech Ju NT-010
sl 1500 e wazifuinuiileludosiituléfigamgd 4 °C iflelddmiuduney
msaianely

FunouASnsatamaiu

Falugosduiindenlsun 100 ndu Wundu 2,500 fadans Ysuen pH
vesthenatndenisiunsalelasrassnidudu 12 Twans Wilden pH Awaaazly
A9197t 1 é]u’anaﬂumiaﬁmLLazqmmﬁﬁWmﬂmsaaﬂLLUU@h&JTUime Minitab®

nesfu 16 (Minitab Inc, State college, PA, USA) antiusifiunisaaniuaniae
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Tuanseit 1 ieasumuimuslunsavanioy nseswasAuieludosilarugiuna
visluvaueiidsdou \fu 95% Lofiausanaseaidu B%e QReC wisldlun1snnpzneu
wady Tudamamuines 1:1 mndutagneumadulluniuiulifigumgd 4 °c
Junan 1 Ay dlududsafiowsnazneunaiiuaiiuds 10,000 seuseud wiu
15 unil ramzneumAiiugae 70% Lofiaweanssea antutmadulleudt 65 °C
frowmevandewduian 6 alus UaLazToUIUAZUNTWUIATEY 0.25 HaBInT

P lUgsiminiianiSovasnandn Asaun1si 1 99l (Wai et al,, 2010):

Pndnneiunianale x 100

Sovazuandn (%yield) = —5—— ————
Yinuadludesldans

Aasanvazilesiuvesnaiunainlsaniudey

dunafudiataldanludesunsvaeunadnuasnilnduiididgiendu

17

o

msmsnduduendnvalvesansiadalidinduasmeaiulaeiisuiuasiasgiunaiu

|y I 4

890 LOBA Chemie (Mumbai, India) laun1swan S59001303 %qﬁmiaaawgwamai
(Degree of esterification) (%DE) aglut31 63.0 - 66.0% §ee3ed Fourier transform
infrared (FTIR) 8%e Perkin Elmer U Spectrum Two Useneanigawsnn
afallunsiinszsidoya
thwamsideosaznandniildusasaniziinglusunsy Minitab® et 16
ﬁﬂé’mﬂizﬁmémsamammuLﬁumsaLLaxﬁ'aulsuﬂ’liﬂﬁé’mﬁuéﬁmwﬁé’w%’% multiple

linear regression (MLR)
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msadl 1 uansievazimaiuiaialsanludes
a0y pH a1 (i) gauugil (°C) Sovaznanin
1 2 90 135 8.65
2 25 75 135 11.20
3 25 75 135 11.26
4 25 60 240 13.15
5 25 90 240 13.52
6 2 75 30 16.98
7 25 60 30 15.01
8 3 75 30 12.18
9 25 75 135 11.30
10 25 90 30 22.65
11 2 75 240 12.24
12 3 75 240 11.61
13 2 60 135 14.21
14 3 90 135 9.20
15 3 60 135 13.33

NaN1523gazanUsgna
SovaznandnvaLnARuUNanflaanlud oy

NANTIFUEBYINNSANANARUINNLUDBETIUIU 15 dN1IE NUAISDUATNANAR

a1 =

Man1599 1 loeSeuaznandniilifngeianfeaniiei 10 deegaznandniiu

Y

22.65 Fedlanzlunisaninde A1 pH widu 2.5 natlumsanawinnu 30 wiikazly
gamnfiviniu 90 °C wazanizi 1 TSosaznandnsfigawintu 8.65 Tadlan1izlu
nsaniafe A1 pH Wiy 2.0 Banlumsadawiiiu 135 uiluagldaungiviiu 90

O . = o i a a o vw Y Ay a i ¢ 1 % A o )
C GZNT\WYJ']LWﬂmumaﬂﬂlﬂﬁﬂﬂiuaaﬂﬂﬁaﬂagmama@QQIULﬂm%ﬂ@usﬂq\jqqLlIE]L'V]EJ‘Uﬂ‘U

'
[ A

Janundu AIn15199 2

9
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M19199 2 AnfavarnananvennARuianalaaInIngAusiieg

fdui ngAy %Yield WWA951989
1 winglang 24.96 Thirugnanasambandham et al. (2014)
2 wWaenuyu 14.47 Sundarraj et al. (2017)
3 Wasnuzum 10.34 Kurita et al. (2008)
4 Waendngnauas 9.90 Fissore et al. (2012)
5 Wasnauau 6.60 Masmoudi et al. (2008)

WUUTIADINNAUNAIERNT
au A 4A o % a a L. ®
Tumsidetiliounavesiosaruandnainni1sed 1 aslulusunsy Minitab
lagLdanaunis second order polynomial Fearunsouanawatdunuuinananig

AAANERSYBINTANANARUANNTUDRY ‘(Nﬁllﬂ’]i’ﬁ’]‘ﬁiUiE]EJa NANARLARAIAIALNIT

&
a

7 2 pall

Y = 30.3985 + 19.6626X, - 0.952103X, - 0.0649592X, - 5.47167X,’
+ 0.00649815X,” + 0.000305404X;" + 0.0476667X,X,
+ 0.0198571X,Xs - 0.00115397X,X5 2)

A ' | a 1Y a
WBUNUAT Xy, X, WAE X; WNUAT pH, aamgiikaziianlunisadainaiuy
ANUAIAU

INNANISANET WUINTINTNaMDS D8 aTNaNARYRINITANANARUIINTY

[ v € 1 o 1%

posfataduaIu pH (X)) JAEUENRUSIINAY 19.6626 Lardiladuidiumsdaduniu

gaumniilunisania (X,Xy) fdAranduiudviniu 0.0476667 aaenadesiuauITen

)

=

Anwinisadawaiuludenndiy (Oliveira et al., 2016) wuinUadwau pH dua

an' v a a = % a v o & 1w
llr]ﬂﬂq@maiaﬂagmawamsﬂaﬂLWF’]@UIULUa@ﬂﬂa']EJ UAIFANRFUNUTNIAY 2.68 Iﬂﬁ]ﬁnﬂ

[

nseAUTIeNanuItIA pH Tuieraindaududuuindu azaunsaanalnafy

ponunTanniusinauduleasuasilusiuilanvian agnslsinuen pH lainase

q U q

vuld wmsnzagyihlianelgvasnaiuinainiule

Vol.11 Issue.l (January — April 2023) | Uil 11 atudl 1 @naaw - wweu 2566)



UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

NIFIneanswasinalulad wininedusvigensend

Contour Plot of yield vs Temperature, pH

20 Hold Values
extraction time 135

75

Temperature

70

65

60
2.0 2.2 2.4 2.6 2.8 3.0

pH

3U#1 1 Contour plot Afesagnandnveunauiiananludey

seniedadusnu pH futadedugamgil

91n3UN 1 wudnileld Surface contour line mode 31nlUsUATH MiniTab
agldnan1syinuneSesaznandnvanARUnananlussy Ae Nssezianlunisann

k74

135 w1it A1 pH Yennenannegluyie 2.0-3.0 uagldonmaiilunszuiunisanaans

9 Y

mARLIINNI 90 °C maRuanludesiuuiliuazldfesaznnsatmmaiuiigefian
fio Ussanainnnindesay 13.0 Juld uslumsideadsildannefidiliaseunqui
anmefiangan fdulunisfneifeadmihasdugumnilunsadlieseunqy
Badu

awnm3u FTIR voanadudiadalé

awnasuveanaila Fourier transform infrared spectroscopy (FTIR) WJu
wadafiansaltiinngitazanaduduamsmaiuiiadaliannludes Tagendonis
Usnganaduvesmyilaiduiidifylulassaiamaaiiveanafuiiadaldifiouiu
aswnsgumaiy sufdildnnaaeuesiuinudnuuzvesiesasmioaoita
Lﬂwyjﬁqﬁ?"j"uﬁﬂwaﬂﬁﬁzé’fUﬂmmwsumLWﬂau”Lé’ﬁﬂmwﬁqﬁw (Yang et al,, 2018;
Dranca & Oroian., 2018; 185130 1Whmies, 2561) ilerSeulfisufisdnuazanniu

vounARunainanludseiugUuuuresEUnasuasInsgIumady (Begum et al,
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2014) s@nwinsanamaRuINUGenvyunuIdanuaaeaieiy fAsgui 2 lae

'
v

awnasuvaadileiduiid

1Y

igﬂizﬂaulﬂé’w annduil 950 was 1,200 cm
Fr9mauveInyBinesuazieiusy C-C (Santos et al, 2013; Oliveira et al,, 2016)
awnn3ufitisadu 1,530 1,510 cm way 1,640 - 1,660 cm - iuanaiuvosvy)
lamesuar A fuendafiinzogiunyieainosniudifu (Oliveira et al, 2016)
Faivrsnduaneiut Srannduiiauniraassuannannsafunisuoniams
Lﬁm%wuaﬁasjawagmamaﬂumﬂauﬁ?ué’w (Kyomugasho et al., 2015) Tuusnsel
awnafufiintuerainisusuluanduldlunsdidwindueanladluluanags
fatilaedaulngarldaunnsufivanng 1,650 waz 1,750 cm’ wieusnadlndides
Lﬁa"imeﬁﬁﬁaaawy}aama% (Bichara et al, 2016) dwsuaUnasulugiendy
2,900 cm” Wumsuansiangiunond (-OCH;) fianusavenieauanunsalunis

a & a 1Y £ A v o
LﬂﬂLUuLf\]aGIJa\‘imiL‘Wﬂmulmmﬂ"UUL@JaaLUﬂmmenJﬂwmﬁjﬂ

iy

2

B
em-1

3UN 2 alnmdu FTIR v99ansannsguina@u (1)

warURRNARUNANnnludayaN1IER 10 (2)

deansanfayilendundrdglulasiaireveunafudefiguiuasunnigiu

o

'
a

wARuNUI arnasunuiuenivgunmnaiufevioainesntianay 1530 - 1510
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cm” uaw 1640 - 1660 cm lumaRufiadnnnludesiiufldnsmaaniasnasgu
AR é’qﬂ?uLWﬂauﬁlﬁmfﬂ,‘Ué’aEJR]zﬁ@zuquaﬂdﬂmimmgmwmau Adluaide
fafamaiuainiudendale (Roy et al, 2017) Anur1Fosazvgioamoslunaiu
Wiy 70.79 Faganinluansinasgiu (61.00-66.00) fstulusunanisaasinisfine

feanmeianunsaanamaiuanludeslrlasssasnananungeau

a3UNaN1339Y

nnuansifendsd e ateiifuadenisatamaiuanludos wuin
anmeivnzalumsadanafulfrfesasnandngsgareanizd 10 Gaflangen
pH Wiy 3.0 alumsada 30 Wil wasdigamgidldlunisatnuindu 75 °C T
geflanAowiniuosas 22.65 wagluannizdl 1 aflannizdn pH wihiu 2.5 wanly
nsaia 135 Wil wagilgumniiviiu 75 °C fadosiigarewiniu Sesas 8.65 iile
tnaideiaszisielusunsu Minitab® Tium Box-Behnken design wuintladeiidl
wasimsarmaiuanludeslitevasnanangsiian Ae Jadusu pH Aavdusiug

WINAU 19.6626

AnAnssuUIENA
VDUBUNTEAN AEINGIANENT WInedevigensoniniiaiueynsiey

‘ dn o Y&
gunsaluaganunlunIdelunsedl

LANE1591989

e LEARgAY, @333 Usedlnnng war Useiasy d09395eaed. (2561). M3y
uazanufimelavesnunsnsienadnuarsmaiufsdesidulinssiods
winqeuludwmiamusysel. ununwes, 46(2), 237-246.

B3I Wned. (2561). wwmnansidusylevilifenyseunauiuionuenialunis
afinwniiu. 2155751283583 ne1mans walulad uazdauandouiionIs
15913, 9(2), 200-210.
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19 uddeneuntnd wuin arsadiaandntaznaliiainuaiuisalunisiduansanu

a

auuadaszld weuwns (Alium ascalonicum L) Wufiwfivgnunnluanniadaiu

Y

a a

waztJunidufiviifinisnonuisuantalunsiueyyadass Aduiusiunsin
Tsrlsifndededainan Tnefiinslunisatnansdfafivannansuazunnanaiu
vonly feu muddelunilfeiiingUsvasiiftodnuiieudiousumasuszney
flueanuazqrdnissnueyyadassvemeuinsiatnieimaiinisnisiiunndraty 3 33
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w7t (DW+B60°C) uaw 3) afndmeiafiauaanased 50 Wasdud (A50) arnturily
NadsunIUsINaasUTENo U UeANMI838 Folin-Ciocalteu wazUsunaunaliusea
#8735 Flavonoid Assay qyisn1seuayyadaszi1e38 DPPH, FRAP uay Nitric oxide
(NO) radical scavenging assay NANITIVENUIN ‘WauLLmﬁaﬁmé’aaﬂfﬂﬂﬁuﬁqmmﬁ 60
p9AgAYE U 10 WiHl (DW+B60°C) iUsunuasusznauiiueanuazWailiuoun
q&ﬂﬂmammﬁaﬁmﬁwﬁmﬁu (DW) uagariadieiefiaweaneged 50 LWasius (A50)
AANNIAU 9.07+0.32 me/L GAE/mg extract Waz 1.226+0.017 mg/L quercetin/mg
extract uagilqnsiuoyuadass lnsnsvagousne?s DPPH uay FRAP fidfiga Tag
ﬁmmmmiﬂumié}'ﬂua%aﬁaszﬁ 50 Wastdud (ICs,) dAwinfy 8.65+0.01 way
20.86+0.43 mg/mL pudrdy Bnvisdsmuindianuannsalunisdiuds NO geflan

I3 & 1w

U UAYINAY 27.22+0.30 N15398TUATIH wWanIl AU NOULAINEAN A

a

NaUNIUNAT 60 BaAwaLTEd WU 10 w19 (DW+B60°C) WuisSnisadnansnd

9 Y

Uszansnmaninnisadiametindu (DW) wazainniewediakeanasad 50 wWosiius

Poe 0D

(A50) Tigaungiivies Inenavesmudouiimnzavenaluladeniafiddyiaunse

Hglinsannansddgluveunnsiiuseansnmaau
AdnAty:  vieuuns, a1susenauiluedn, ansiueuuaBaTy, WNsainans

Abstract

Nowadays, chronic non-communicable diseases (NCDs) are a major
health problem. The main cause is due to behaviors in daily life such as
unhealthy food eating, lack of exercise and high stress due to social and
environmental conditions. These factors can stimulate cells in the body to
produce more free radicals. These substances will provoke the oxidative stress
process that affect the function of cells in the body and lead to various
diseases. Previous study found that the fruits and vegetables including shallot
(Allium ascalonicum L.) have the ability to be antioxidants with various

extraction methods. Therefore, this study aims to compare the phenolic
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compound contents and the antioxidant activity of Allium ascalonicum L.
extracted by 3 different techniques including 1) aqueous extract (DW) 2) boiling
at 60 °C for 10 minutes extract (DW+B60°C) and 3) 50 percent of ethanol extract
(A50). The phenolic compound contents and the antioxidant activity were
investigated by using Folin-Ciocalteu, Flavonoid Assay, DPPH, FRAP and Nitric
oxide (NO) radical scavenging assay. The results shown that the shallot (Allium
ascalonicum L.) with boiling at 60 °C for 10 minutes extract have the most total
phenolic compound and flavanoid at 9.07+0.32 mg/L GAE/mg extract and
1.226+0.017 mg/L quercetin/mg extract. Moreover, the antioxidant activity by
DPPH and FRAP assay show the best of the half maximal inhibitory concentration
(ICs) at 8.65+0.01 and 20.86+0.43 mg/ml, respectively. In addition, The highest
percentage of NO inhibition is at 27.22+0.30. This research showed that, Shallots
(Allium ascalonicum L.) extracted by boiling at 60 °C for 10 minutes (DW+B60°C
extraction) is a more efficient method than aqueous and 50 percent of ethanol
extraction. The effect of optimum heat may be one of the factors that can

enhance the efficient extraction of essential substances in shallot.
Keywords: Shallot, Phenolic compounds, Antioxidant, Extraction techniques

uni

wouuA (Shallot) Fednenarans Allium ascalonicum L. aglunszya
Amaryllidaceae Wufivasulnsfinulne domiduiunldlunisuszneveinis
fadufinasugiafidrdn deuugnlunaadauvessemdlng siddereunthil
finssenuiinuaudilunisifuasinueyyadass vemeuuns lnenuin Jaislu
nguLA18d7u (Quercetin) Wa1lauses (Flavonoid) kAKiWasea (Kaempferol)
uazdadtu (Allicin) uaziilenSsuiiisunaandivesnsiduamsiueyyadaszvosiiy
n3znaviox (Onion) wuin vesussdigrdguanilew3suiisutuneudn 10 wia Oun

et al,, 2004) wona Uy fallsgnuinuantilun1siiueInisuiiagszAgiAes
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(Alexander Victor et al., 2016; Jiri et al., 2016; Warangkana et al., 2019) ANTE AU
Yrmnalidon (Razieh et al, 2007) anwesidusvesseaulasilusnenie (Total fat
percentage) (Ji-Sook et al,, 2016; Mariangela et al., 2019) ¥18ans2sU Cholesterol
uay Triglyceride Mdutladelunmsnszduliiiinnnzvaenidenuds (Atherosclerosis)
Fradiunisinadsudonuazanseduanududen (Yin et al, 2012; Ehécatl et al,

2016; Sanaz et al., 2017)

v

Tulaqdu n1sadnansdrfyainiievilavaieisiuegivsiinvesaisadn

1% a

AaaudRvesaslunIInusieausey Yllnvesivinazaeily Wy AuaudRvenis

q

[ ' [
= a

197 Neli9n v3elulivn FausagiSivenLastaananwanA1ey n1sudn (Maceration)
Wuisnsateansdrdyanfiendduneuisnsineimednsiafiunas Benuiiuiii
ysafnaraneNniuseansnna lunsaiaivaudnsId@Iunfean1s TunwusUnialn

12-24 139 v3aunnIndu Ineuseuna 2-7 Ju Weasuivuaanaatilunses 35

ifided fe arslignanueuudiduisnauldesivhazatsuasldinaiAoudiauiy
JeiinsAnAuismsiieussrdananlunisainansdrfny Tnenisiiuanusalunisans

Pnmsidgauilutunsuvesnisain uiisnisidesiieseisluSesweinisaaie

1%
Y a

YA NN ITIGITY HavenTITunewnmiil wandliiuinnmsiivgamgl

lun1sadafigdnadonisidsuwdasuSunuasdrdgila lngnudn Ngamgll 60

¥
=3

perwalled duszansninasanlunsannansardgluivuaziloiiugungiigeduy

Y

1AUA 80 peAwaldea dnavinliarsdrAtyanas (Maja et al,, 2013; Intan Soraya

et al,, 2017) uananiu fiflouidniazansweanssedninuautRduaisazaieia

q

=

197 WU e usakazwuealnltadinasadeluivayulnsgsliuiunaasd g

3

¥
=2 =

& v A a v I Y Y Xt aw ¢ A = P
Mﬂsuus[,umiaﬂﬂwstjmwuﬂ ANUU Q’]u’l’”\]ﬂlu@ﬁﬂu’”\]ﬂll'lMQﬂﬁﬁaﬂﬂLwaﬂﬂwﬁlLﬂﬁﬁlULﬂUU
< v a { o v a
UiuqmaqﬁﬂigﬂaUWuaaﬂLLa$QWﬁﬂq§W7uaHMﬂaaaigsﬂa\‘ﬁﬁamLLﬂ\ﬁﬁaﬂﬂﬂjﬁleﬁ‘Nﬂ
ax = i v A o v a o A i o & a o ¢
’Jﬁﬂ']iVILL@ﬂM'Nﬂ‘ULW@uqﬂlaﬂJﬂaﬂqiﬁﬂﬂmlﬁIUIﬂUﬂqimaU@ﬂwwuqL‘Uumamﬂm%ﬂq\ﬁ

guAMATUTEANS N NG Ign

Vol.11 Issue.l (January — April 2023) | Uil 11 atudl 1 @nsaw - Wweu 2566)


https://www.ncbi.nlm.nih.gov/pubmed/?term=Anand%20David%20AV%5BAuthor%5D&cauthor=true&cauthor_uid=28082789
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mlcek%20J%5BAuthor%5D&cauthor=true&cauthor_uid=27187333
https://www.ncbi.nlm.nih.gov/pubmed/?term=Garc%26%23x000ed%3Ba-Trejo%20EM%5BAuthor%5D&cauthor=true&cauthor_uid=27990229

UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

NIMTIeanswasinalulad wininedusviggnsend

atun153e

NI9LAILUADE19NY (Plant material preparation)

tofaenunsan (Allium ascalonicum L) fiuisraniuiisminaiasiny
Usealne Tutiafieuunsiau wa. 2565 wndaenidendwianuazern smudy
Fudng ndsaniuilveuuislugeunnudouiionumnd 60 esrmiwaidoa uiu 48
Flus deasunanimenunwisiildluuaniBondeniestiu Snvnzaeameuuns
reutaeniuden wdeniudonuasusiuasBen duandusuil 1 andutiluadin
Fae 3 38 1dud 1) afadothndu (OW) figumgiives ninuu 24 $alus 2) afa
Fretinduiigumnd 60 ssrealBea utu 10 wnil (DW+B60°C) wae 3) afadae
lofiaueanesed 50 Wesiius (A50) Mgamaiivies mfnunu 24 dalua Tnelddnsndau
1:5 (weight: volume) LilaAsuiiainseduendiuvesvesnailaeldfinuniuisuay
NIEA1YNTOUUDS 4 Wlanzduvesualluvinlilismeniusou (Hot air drying)

a

flgaungil 60 ssmwaldea asataildaziivldnuus i Yefindauag Tesiulals
JEIITGE Lﬁu%’ﬂmﬁqmm:ﬁ 4 pamaldod auninazihunleauy

MsAaszasusenauiuedn (Total phenolic content)

#1835 Folin-Ciocalteu method Tagldnsaunadn (Gallic acid) 1Wuans
15574 (Quettier-Deleu et al., 2000) iFuaInugenasaraUiinal 20 pl Aude
Folin-Ciocalteu reagent U3anas 0.2 ml uag 1ndu U3uas 2 ml Unilgaumgiivios
uru 5 Wit wdaanti Wi 20% sodium carbonate Usinas 1 mL wazUusiedn 2
Flua Tneusiazinegsansatnazsuuud 3 asq (triplicate) %&99INUNATULIANAE
ﬁmﬁmﬂ'wms@mﬂ%ul,mﬁmmmmﬁu 765 wiluns Tneldiedes spectrophotometer
ﬁwdwﬁléﬂﬂm“iaruLﬁwﬁ’umﬁmmgmimmsmumaL‘wau'aEJ mg/L GAE/mg extract

nsAuINETUsENOURNUEAN (Total phenolic compounds)

a5$19n5MMU M55 Ve Gallic acid wagAwIUIUI total phenolic Tu

#159¢A18MI0E19MEN I TLNUAN lUANNTYRINTMLIRTTY

(y =ax + b)
el x = Usuiauasusenauiluednueddnsannsingid
y = AMNNIAANGULES (Absorbance) YedanTannfiogg
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nsATIERUIIIanaIlaueen (Total flavonoid content)

71835 Aluminum chloride method IneldiA1ad9iu (Quercetin) 1Uuans
157U BunugenasafauIuIn 100 pl waudu 2% AlCl USunm 100 L
Unilguugiiviesuiu 15 it Tnsusiazsogsansatinazshuuut 3 ads (triplicate)
ndanuuasunatazmindsgandunasiinnuendy 415 wiluwnslagld
\3eq spectrophotometer thaildluiuisuiisufuasunasgulassesnunaldu
78 me/L quercetin/mg extract

nsAuIuUsINualuees (Flavonoids content)

a519n379U19557U VB3 Quercetin wagAWINUINIU flavonoids content

luansaranefog 19meN ILNUATIUENNSVRINTINUINTFIY

(y = ax + b)

e x = USunaunaliussnuesalsannsingis

y = A1INIQANGLUEN (Absorbance) Yesansaringieeg

nsnagaulszansamlunisdueyyadase 3 F5fe

35 1 2, 2-diphenyl-1-picrylhydrazyl scavenging capacity (DPPH) Tngld
nsnuearasin (Ascorbic acid) iuasuimsgu (Tai et al, 2011) wseNasunsgu
waransataluiiazarewnueadinnududu 0.5, 1, 2, 5,10, 20 war 50 me/mL
9ntuneenals 1 mM DPPH Uulufifiauasfiguugiiviosuiu 30 uiit lnsusias
frogrsansatnazyiuuuen 3 ade (triplicate) ®&I91NUNATULIAIALUINITIAAINIS
@mﬂﬁuumﬁmmanﬂﬁu 517 wiluwasiagldiedes spectrophotometer tAndilé
wiazAdNduvesasainliadansnieuiisuiunsimvesarsuinsgiulag
sreunailuan 1Cs, wie me/mL

ANSAIUI % DPPH scavenging WAniilduneuany AUGAS Faselud
% DPPH scavenging = [(A- A)/AJ] x100

We A= Amsganduuas (Absorbance) ¥ae DPPH Tudviharangiumiuea

A= AINIYANGULAY (Absorbance) YasaNsanAfIBE
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eniiléiun Plot graph wiewaunsidunsa y = ax + b

FUIIAT ICso Tasunua 50 7 v Tuaunisidunss agldian ICy, vasans
081

33 2 Ferric Reducing Antioxidant Power (FRAP) Tagldnsauaaneasdn
(Ascorbic acid) 1ua1su1nsgIu (Benzie & Strain, 1996) FUINMTIATENANT
FRAP reagent lagin@il acetate buffer Usuial 25 mL wag TPTZ USun 2.5 mL
adly FeCly-6H,0 Usuna 2.5 mL ndsantiu 1 FRAP reagent inauuds unmeen
ansataUsne 50 pl ranasiUuasldiadesdunanlmndatu lUinAn1sganauua
fienuemadu 593 uluwnsiudii 0 wasiluuslugamgll 37 ssmwaidos w1y
10 Wi LLaz’?ﬂﬁWﬂ’]i@ﬂﬂaml,aﬂaﬂﬂ%ﬂiﬂ&ﬂ%méad spectrophotometer laguaay
fhogeansainazyuuusn 3 adatriplicate) sheniildudazanududuveansarn
lﬂa%amwwLiJ‘%sJ‘ULﬁEJUﬁ’Uﬂiﬂwsuaqmimmgmiﬂmwmumavﬁuﬂ'”u ICso MUY
me/mL

n13ATUAIML FRAP activity thanfildundunm augns feeluil
FRAP activity = [(A.- A)/AJ x100

Wa A = AIN1IQANGULAY (Absorbance) vasfvinazatleUeA
A = AIN13YANGULAY (Absorbance) Yasasaringiae1

o 1

el Plot graph iewaunsidunsa y = ax + b

U 1Cs, Tnaunuan 50 7 y Tuaunsidunss azldian 1C, 10313

384 3 Nitric oxide (NO) radical scavenging assay fauUasni1uidZves
(Aktas et al,, 2013) Ingldiarediu (Quercetin) Wuasunsgu Suanthansazane
Sodium nitroprusside (SNP) 10 mM fiazanglu Phosphate buffer saline (pH 7.4)
USuney 40 pl anveesansanausune 20 pl wavasld maﬁﬂ*ﬁﬁqmmﬁﬁauﬂunm
150 Wit Mntuivansazans Griess (1% Sulfanilamide: 0.1% N-(1-Naphthyl)
ethylenediamine dihydrochloride (NED) Tusnsiaau 1:1) Usuna 100 ul wauans

Ty 1eiald 10 Wit udrinAnspandukasiANueIAGY 540 ulluiuns lng
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14iA389 spectrophotometer InsusiazAieg19asannazyinluugn 3 Ase (triplicate)

1euNaluAUSEUANSEUES (% Inhibition)

'
=

AsAuINUasIEuAn1SSUSa Nitric oxide (% Inhibition of NO) ta1#le

A ages feraluil
% NO inhibition = [(A- A)/AJ x100

We A= AINIRAnAULEs (Absorbance) UasaTazany SNP

A= AMNNIRANEULAY (Absorbance) vasansannfmag1a

NAN15IBLaZIAUTIINE

NNFUIMDULASAALN ALY wud1dA %Yield (Dried sample) LAy
14.55 Mntiuanafinansddiie 3 33 Wi 1) afasetindy OW) 2) afnse
ihnduflgaumgdl 60 sarisaiBoa uiu 10 Wil (DW+B60°C) uay 3) afadieiodia
woaneged 50 Wosldus (A50) TnenuinesSudfilendsarnnisviude (%Yield)
YpIIDN1TANALUU DW+B60°C $A %Yield crude extract AU 5.00 589891170
MTARARUU DW uazn1safauuy A50 Sanvindu 4.25 uay 4.00 auadu 9813

ANANtAAINT9 3 35 TANWULVBIA15ANANYIUNLALANAIIAY AIwandlua15197 1

wazgun 2

M15199 1 WaERIAT %Yield @1sanmienu (Crude extract)

BN sanaansafsy A1 %Yield ansafinneu (Crude extract)
DW 4.25
DW+B60°C 5.00
A50 4.00
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JUN 1 uansdinuaiznguenvavieNuas (A) wuuandaeniuden

(B) warwuualuaziden () NlAanTunaunsnsaufiIag1Iiy

_— = \
DW DW+B60 °C A50

JUN 2 wansdnwauzansaianenu (Crude extract) Mldan1saniniis 3 35

uenantiy wansidedmuimenunsiiatafetndufigungf 60 oen
waded w10 unit (DW+B60°C) Siusinmansusyneuiiuedniioumuasralauess
geflgaiiAnwinfu 9.0740.32 me/L GAE/mg extract Uaw1.226+0.017 mg/L quercetin
/mg extract augdU T3nsafniiiuSunaasusyneuiluedndiimun sesa fie
wouwnITiaiasIeIngy (OW) wavatadieiofiaweansged 50 Wesidus (A50)
TaeflAyinAu 5.03+0.05 ey 3.79+0.01 meg/L GAE/mg extract ATUAIAU WANUT
Usunaanswanlavessdlunisndnuuy A50 dargeniinisudnuuy DW intieelaed
ANIAU 0.492+0.007 Way 0.433+0.007 mg/L quercetin/mg extract #TUAIAU
uanINYu NaneaeunnslunIsdueyyadasy #1633 DPPH uay FRAP Ui
veuunsiatafeds DW+B60°C fgvdfian lnefinruausalunmsdueyyadass
71 50 Wodidud (Cyy) TAiU 8.65+0.014a% 20.86+0.43 me/mlL dIuMaNLAT]

afnaae3s DW JA1 1Cs, WU 12.89+0.14 Way 29.75+0.03 mg/mL @1ui8n15amin
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A50 3R ICs MU 8.97+0.36 Waw 38.63+0.07 mg/mL lasgwnslunisiiueyya
a5z 72875 DPPH waz FRAP 90insauaanasdnduduasuinsgiu (STD) 983013
NAdeu A1 1Cs, WNAU 0.01420.37 wag 2.007+0.11 MUAIAU AIUAASIUAITIT 2
! § @ 13 < v a U . . .« .
wazuansmlesiuinuansalun1siluansiuesndindu (Antioxidant activity)
A1875 DPPH Way FRAP wazaun19idunsy (Linear equation) lWSsuliisuiuaans
19557 (STD) Aananalunsnei 3 uaz 4 swainu 83lunintu veuwnananneie
78 DW+B60°C fignslunisiueyyadasy NO lnswansdnduesidudnisdudan

a9an AU 27.22+0.30 599891778 MaUWAINANA A50 waz DW fAUasidus

Y 9

v
[ |

nsdudawintu 26.52+0.15 uay 18.26+0.30 mudiy fauanslugud 3

A319it 2 uansAansUszneuTiuedn Watliussduazqnilunisinueyyadase
finnaaudie3s DPPH uaz FRAP v0evauuasfiafadisinainisnig
Aumneinaiy Adilduanduzuuuy Mean+SEM

F/Msanaasdfgy
nsNAEaU STD
. A50
DW DW+B60 C

TPC - 503+005  9.07+032  3.79+0.01

(mg/L GAE/mg extract)

Flavonoid - 04330007  1.2260.017  0.492+0.007

(mg/L quercetin/mg extract)

DPPH 0014+0.37 12894014  865:001  897+036

(ICs0: mg/mL)

FRAP 2007011  29.75+003  2086+0.43  38.63+0.07

(ICs0: mg/mL)
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] Ly a a Y aa A o Y aad
M990 3 LLﬁ@quﬁmquawﬂua@aﬁgwmirﬁ]ﬂ’JEJ'Jﬁ DPPH U91DUAINANARNILITN

AnsfuUTeuiguiuAunggu (STD) Alauandluguuuy Mean+SEM

FBnsane AMULTuduY
. . % DPPH Scavenging Linear equation
29814 (n=3) (mg/mL)
0.001 17.30+0.48
0.005 24.21+3.21
STD 0.010 34.59+0.65 y = 3.0818x + 6.2893
(Ascorbic acid) 0.020 65.41+2.36 R’ = 0.9895
0.025 85.85+0.83
0.050 105.97+0.18
0.5 1.49+0.89
1 6.47+1.11
2 9.43+1.33
y = 2.965x + 11.792
DW 5 24.06+0.67 )
R =0.9781
10 45.28+0.44
20 69.81+1.33
50 80.66+1.11
0.5 3.76+1.27
1 12.90+0.01
2 23.12+2.28
. y = 5.8445x — 0.5695
DW+B60 C 5 60.22+1.01 )
R =0.9776
10 72.17+0.86
20 91.94+0.76
50 93.55+3.04
0.5 23.11+1.00
1 31.13+0.67
2 40.57+1.33
y =2.1024x + 31.132
A50 5 53.77+2.00 2
R =0.9922
10 72.64+1.33
20 82.08+0.67
50 91.98+0.33
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P Lo a A Y aa A o ¥ aad
M1379% 4 LLﬁﬂ&QVIﬁmua‘L@uaaaiz NINIIVNIYIT FRAP UIUDULAINANARNIYITN

AnafiuUTeuliguiuAnsgIu (STD) Afilauandluguiuy Mean+SEM

A5n15anm AU
. . FRAP activity Linear equation
29814 (n=3) (mg/mL)
0.010 0.48+0.10
0.020 0.71+£0.33
STD 0.025 0.90+0.05 y = 0.0106x + 0.5912
(Ascorbic acid) 0.050 1.19+0.62 R2 = 0.9961
0.100 1.62+1.43
0.250 3.24+2.29
0.5 2.43+0.33
1 4.33+0.62
2 5.67+0.14 y = 1.5939x + 2.5742
DW 5
5 10.33+0.05 R =0.9919
10 20.52+0.33
20 33.52+0.19
0.5 2.33+0.33
1 4.57+0.19
. 2 7.05+0.01 y = 2.2877x + 2.277
DW+B60°C )
5 12.81+0.24 R =0.9977
10 24.14+1.29
20 33.90+2.48
0.5 1.33+0.48
1 1.62+0.19
2 2.90+0.62 y = 1.2702x + 0.9289
A50 )
5 7.38+0.52 R = 0.9831
10 16.05+0.43
20 25.19+0.05
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80

70 W STD (Quercetin)

oW
60 U
[ DW+B60 C
50

| A50

40

% Inhibition of NO

30 -

20

10

0

STD (Quercetin) bW DW+B60 C A50

JUN 3 uanaAnUosiguinisduds Nitric oxide (% Inhibition of NO) %8313
afinansng 3 F/Anududy 10 me/mL WiguWeuiuasuInggu (STD)

AAULTY 0.1 mg/mL

#5UNan1339Y

NNHANTITENUT viesuas (Shallot) FeAnenmans Allium ascalonicum L.
Wufiwiifansidauamifidungnued (Phytochemical) luniseongvisiueyyadase
wiludhuvesUsinaansusyneuiiuedn (Total phenolic content) Usinamailiuses
(Total flavonoid content) mmmmsa‘iumséﬁua%aSaizﬁ 50 Wasidus (ICs,)
#e38 DPPH waz FRAP uazAuanansalumsiueyyadasy NO 8n1saraiinfian
Tunsneaesaiail fo msatndeiinduilgungl 60 esmwaidea uiu 10 Wi
(DW+B60°C) Banandlifiiiuin ansdrdnlunesuningundniragiumsnguiiazans
galusvhasanefifidanararansldflugasgangiifigeinitgamgives unfuslaids
ALADA Faaenadostunuidedountiniives Maja Dent uwazmamy (Maja, D et al,
2013) uanNa Ny FBnsatnansfiunndetuinasoudinaansddalunisesngns
yasvoNuasiisety Tnsravesarudeusraduiedenilsiannsadielinsatnans

o w a

drfnyluvenunsiiuszansnimasdu

a o o N & = = ax 9} Yo o aa
ﬂ']if]"\]iﬂﬂﬂi\'iu L‘UUﬂqiL‘UiEJ‘ULVIUU?ﬁﬂqiﬁﬂﬂiﬂﬁJisﬁmgmqaga’]ﬂLLagqmﬁﬂumﬂ

wanenaiu 3 35 lnedanuuansisiuvesnuaudinisitiuazgumngl 3935909013

o '
[ o w (Y a

anmansiluduneuidrdnlunisiaundeansd iy falu arsiiududsinazaned

o
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€

uanshsfuluduauaniBnisaraneiieddn Adits waglifith Wy enwy (Hexan)
3103 (Ether) uay ox@lnu (Acetone) \ludu 8nvis msfnwifinfunavesnis
Wasuulasgaumpiuazaildluduneunisada smisgangilunssemedah
azane Iemsideadsildnruioulunisssveswharaeiifiduusznauvesinng
3 38 Semsldanufeudiinniiuluansazaansd vie Srarwdousniuluiidady
fvhavmeagssimeeanlinun daiu mafimiumedadmstu Wy nmaviuiiuu
widonuda (Freeze dry) tlegiadaisesgumaiideinanoarsdrdniatnlelag
Filsfnnuduanduiiugiu Sniimsiinsmageumuiinamsddylunduaediv
(Quercetin) uazupsiwlasea (Kaempferol) finuldnnluvenunssmde wiedoya
Usiogengnsiamndn fausiguninuasmsideniiussansamgeanludninaaos
waznepansely

annssuUsEnNIA

YBVRUANAIYIVINTWNNIUNULNY AEINGIMIENT WININEIREIIVAY

A

ansndl Mdednennuazanaunuideluasiildisaganlulased

LONA1T91989
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Abstract

The study of Chitosan coating on yield quality of ‘Masui Dauphine’ fig
was conducted using 3 levels of Chitosan coating, 0.1, 0.2 and 0.3 percent
compared with uncoated. It was found that after 4 weeks of storage, untreated
and coated with 0.3 percent Chitosan had less weight loss than coated with
0.1% Chitosan. The soluble solids content at the 4 week after storage, 0.3
percent Chitosan coating had more soluble solids than the uncoated and 0.2
percent Chitosan coating. The 0.3 percent Chitosan coating had the lowest
titratable acid content, ratio of soluble solids and titratable acid content
(TSS/TA) was the highest. The anthocyanin content of 0.3 percent Chitosan
was higher than that of 0.1 and 0.2 percent Chitosan coating. There was no

difference in the skin color of the fruit at all levels of coating.

Keywords: Fig, Coating, Chitosan
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Abstract

Plastic waste is the largest component of municipal solid waste (MSW)
on Samui Island, which still has many management problems. Pyrolysis is an
interesting technology that could help reduce plastic waste by converting it
into more valuable fuels. Therefore, the focus of this research was to convert
plastic waste from Samui Island into fuel via the thermal pyrolysis and
catalytic pyrolysis processes. The pyrolysis reaction was carried out at various
temperatures (390, 425, 450, and 475 °C) with and without a catalyst in a 3-L
bench-scale reactor to determine the optimal condition that produced the
highest yield of pyrolysis cil. The raw material was a 1:1 weight ratio of high-
density polyethylene (HDPE) and polypropylene (PP) plastic wastes, and the
catalyst was 3 wt.% spent fluid catalytic cracking (FCC). The reaction time was
determined until there was no liquid product left. The results revealed that
450 °C was the optimal temperature for both the thermal pyrolysis and catalytic
pyrolysis, with the highest pyrolysis oil yields of 84.21% and 70.12%, respectively.

* Corresponding Author: Maneerat Khemkhao

Email: maneerat.khe@rmutr.ac.th
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The pyrolysis oil components for the thermal pyrolysis were 37.00% naphtha,
18.60% kerosene, 37.40% diesel, and 7.00% long residue, while the catalytic
pyrolysis were 39.90% naphtha, 17.10% kerosene, 35.40% diesel, and 7.60%
long residue. Furthermore, thermal pyrolysis took longer than catalytic pyrolysis

to complete.

Keywords: Thermal Pyrolysis and Catalytic Pyrolysis, Plastic Waste, Spent FCC
Catalyst, Samui Island

Introduction

Samui Island has been recognized as one of Thailand's most popular
tourist destinations. Many visitors have come and stayed, contributing to
an increase in the volume of MSW. According to the feasibility study of the
model and approach for municipal solid waste disposal in Samui Island City
Municipality, MSW produced on the island is approximately 150 tons per day,
and MSW dumped in landfills is approximately 300,000 tons, with plastic waste
accounting for 40.4% and 64.4% of the daily and dumped MSW, respectively
(TISTR, 2020). Nowadays, MSW has been compressed and wrapped with low-
density polyethylene (LDPE) plastic before being shipped via ferries to a landfill
in Surat Thani province. However, due to a limited area, leachate contamination
of the environment, and being relatively expensive, Furthermore, there are
risks of accidents during transportation. For example, in August 2020, a ferry
capsized, causing 60 tons of Samui Island MSW to sink into the sea during
transportation from Samui Island to Surat Thani province (Thai PBS, 2020). As a
result, an appropriate MSW management strategy, particularly for plastic waste,
is required.

Pyrolysis is a potential alternative technology for disposing of plastic

waste by thermally degrading long-chain hydrocarbons into shorter-chain
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hydrocarbons in the absence of oxygen at temperatures ranging from 300 to
600 °C (Lee et al., 2021; Singh et al,, 2019; Zhang et al.,, 2020). This method
converts plastic waste into more valuable fuels such as pyrolysis oil, pyrolysis
gas, and residue carbon (Hakeem et al., 2018; Maafa, 2021).

Several factors influence plastic pyrolysis yield and selectivity, such as
temperature, retention time, type of raw materials, catalyst-to-feed ratio, and
type of catalysts. Various studies have been done on thermal pyrolysis and
catalytic pyrolysis using different raw materials and catalysts to look at the yield
and selectivity of products. Zn, ZnO, and ZnCl, were used as catalysts in the
catalytic pyrolysis of expanded polystyrene waste (EPSW); Zn produced more
pyrolysis oil yield and product selectivity, such as toluene, ethylbenzene, and
styrene, than any other catalyst and more than thermal pyrolysis (Adnan et al.,
2014). Furthermore, using catalysts reduced the reaction temperature and time
compared to thermal pyrolysis. In a while, Hakeem et al. (2018) used Ahoko
kaolin as a catalyst in the thermal pyrolysis and catalytic pyrolysis of PP plastic
waste. They found out that the Ahoko kaolin catalyst worked well to convert
PP plastic waste into pyrolysis oil, which provided a higher pyrolysis oil yield
than the thermal pyrolysis. In the work of Panda (2018), he used calcium
bentonite as a catalyst in the thermal pyrolysis and catalyst pyrolysis of PP,
LDPE, HDPE, and mixed PP, LDPE, and HDPE in a 1:1:1 ratio to investigate
the effect of temperature and catalyst concentration on product yield. He
discovered that the highest yield of pyrolysis oil from all plastics was obtained
at 500 °C for both thermal and catalytic pyrolysis. In addition, increasing the
catalyst concentration resulted in a shorter reaction time. However, overuse of
catalysts resulted in a lower pyrolysis oil yield and a higher gas yield. Miandad
et al. (2017a) conducted the thermal pyrolysis of PE, PP, PS, and polyethylene
terephthalate (PET) plastic wastes to study the effect of different plastic waste
types on the yield of pyrolysis oil. At 450 °C and 75 minutes of retention time,
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all types of plastic waste were converted into liquid oil, except for PE, which
was converted into wax because it has long carbon chains. However, the
pyrolysis of mixed plastic PS, PP, PE in a ratio of 50/25/25% provided a lower
wax content due to free radicals produced from PS degradation that promoted
cracking in PE plastic. In addition, using a catalyst helps reduce wax formation
in the pyrolysis oil of PE (Miandad et al., 2017b).

In petroleum refineries, FCC catalyst, which is Y-zeolite, converts
heavy petroleum fractions into lishter products such as gasoline, diesel, and
other products. Approximately 150,000-170,000 tons of spent FCC catalyst are
generated annually as waste and are typically disposed of in landfills (Chiranjeevi
et al., 2016). Some researchers have employed a fresh FCC catalyst in catalytic
pyrolysis, such as Kassargy et al. (2018), who used USY zeolite in the catalytic
pyrolysis of PE, PP, and mixed PE and PP plastic waste, which increased the gas
product. Meanwhile, Singh et al. (2020) used a zeolite catalyst in the catalytic
pyrolysis of LDPE plastic waste, which produced superior quality pyrolysis oil
compared to oil obtained from thermal pyrolysis.

According to the large amount of spent FCC discarded as previously
mentioned, the reuse of spent FCC catalyst is still expected to lower the costs
of procuring new catalysts, reduce efforts in developing proprietary or new
catalysts, and improve the overall process economy. A spent FCC catalyst has
been used in some research on thermal and catalytic pyrolysis. Aisien et al.
(2021) employed a spent FCC catalyst in the catalytic pyrolysis of PP plastic
waste and compared it to thermal pyrolysis. They found that thermal pyrolysis
provided the highest yield of pyrolysis oil. While in the catalytic process, the
pyrolysis oil yield decreased and the gas yield increased with the increasing
amount of catalyst, which was contributed by the highly acidic behavior that
led to further cracking of liquid hydrocarbons. Saeaung et al. (2021) used spent
FCC in the thermal and catalytic pyrolysis of petroleum-based plastics (HDPE,
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LDPE, PP) and biodegradable polymers, polylactide (PLA). They found that the
pyrolysis oil from the thermal pyrolysis of HDPE and LDPE provided a high
yield of waxes, whereas the pyrolysis oil from PP and PLA provided both
waxes and liquid oil. The results also exhibited that spent FCC catalyst reduced
the production of waxes and increased the production of gasoline-range
hydrocarbons and aromatics.

Regarding the related literature mentioned above, the yield and
selectivity of plastic pyrolysis products from thermal pyrolysis and catalytic
pyrolysis still varied depending on process factors. However, plastic waste from
landfills is complex, and there are differences in composition from any landfill
that might affect the pyrolysis reaction and product selectivity. Therefore, this
research aimed to study the effects of reaction temperature on yield and
components of pyrolysis products from thermal and catalytic pyrolysis of mixed

plastic wastes, HDPE and PP, by using spent FCC catalyst in the catalytic process.

Materials and Methods

The raw material was a 1:1 weight ratio of HDPE and PP plastic waste
from Samui Island collected from the sorting machine. The plastic waste was
crushed into smaller pieces (around 3 cm) and dried with hot air to reduce
moisture and bulk volume. In the catalytic process, the spent FCC was used
as a catalyst. The pyrolysis reaction was carried out in a 3-L bench-scale reactor
at temperatures of 390, 425, 450, and 475 °C, as shown in Fig. 1. Fig. 2 shows
the pyrolysis process flow diagram, which includes the feeding entrance,
reactor, and condenser. 250 ¢ of the raw material was fed into the reactor. In
the catalytic process, 3 wt.% of spent FCC catalyst was fed into the reactor
along with the raw materials. After feeding, the plastic waste was heated and
degraded into a vapor product. The vapor flowed through the condenser and

condensed into a liquid oil product, which was collected in the storage container.
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Non-condensable vapor flowed into the flare. Finally, carbon residues that were
left in the reactor were collected and weighted after cooling down the reactor.
The reaction time was determined when there was no product output. The
pyrolysis oil and residue carbon were collected and weighed, while the pyrolysis

gas was calculated from the mass balance.

Fig. 1 The bench-scale reactor, a) overall equipment, and b) focusing on the
reactor and heater, including: 1. Electric heater with a controller,
2. Horizontal reactor with agitator, 3. K-type thermocouple, 4. Condenser,

5. Liquid product storage, 6. Chiller, and 7. N, flow controller.

3.Condenser

1. Feeding

Condenser 2

VENT

Fig. 2 The pyrolysis process flow diagram.
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After that, pyrolysis oil was analyzed by Distillation Gas Chromatography
(DGQ) to determine the fractions of naphtha, kerosene, diesel, and long residue.
Furthermore, the HDPE and PP plastic wastes were analyzed for the thermal
degradation temperature of individual plastics by thermogravimetric analysis
(TGA). The BET surface area, pore volume, and pore size of the spent FCC were
analyzed by the surface area and porosity analyzer. The catalyst type and
composition of spent FCC catalyst were also analyzed by X-ray Diffraction (XRD)

and X-ray Fluorescence (XRF) methods, respectively.

Results and Discussion

The TGA results for HDPE and PP plastic wastes are shown in Fig. 3.
Their degradation temperatures ranged between 400 and 500 °C. The peak
degradation temperatures of HDPE and PP plastic waste were 480.2 °C and
467.7 °C, respectively. Focusing on the peak degradation temperatures, it was
observed that the temperature of PP was lower than HDPE. Because the polymer
structure of PP contained more pendant methyl groups than the structure of
HDPE. It is the reason why the PP structure is more easily degraded than the
HDPE structure, which has a linear chain structure and a dense structure (Lee
et al., 2021; Maafa, 2021).

The BET surface area, the pore volume, and the pore size of the spent
FCC catalyst were 101.03 mz/g, 0.09 cm3/g, and 37.13 A, respectively. In the X-
ray Diffraction (XRD) analysis depicted in Fig. 4, it was demonstrated that the
diffraction peak of the spent FCC catalyst (the solid line in Fig. 4) was similar
to the diffraction peak of the Ultra Stable Y Zeolite (USY) pattern, which is a
standard y-type zeolite from the database (Baerlocher & McCusker, 2016).
Therefore, it was assumed that the spent FCC catalyst is a y-type zeolite that
is used in petroleum refineries to convert heavy petroleum fractions into lighter

products. In addition, X-ray fluorescence (XRF) revealed that the molar ratio
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of SiO, to AlLO5; was 1, and there were some other metals such as La (3.19%)

and Mg (1.44%), which likely were components in heavy oil.
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Fig. 3 The TGA results of HDPE and PP plastic wastes.
P
2
[iT]
=
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20
Spent FCC USY pattern from database

Fig. 4 The XRD results of the spent FCC catalyst and USY pattern
form data base (Baerlocher & McCusker, 2016).
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The liquid product profiles of thermal pyrolysis and catalytic pyrolysis
are shown in Figs. 5 and 6, respectively. Both figures showed the weight of the
collected product every 15 minutes in the dashed line and the accumulated
weight of the liquid product in the solid line. In the case of the dashed line,
the tall and thin peak showed that the pyrolysis occurred in a short time. On
the other hand, the peak that appeared in the small and wide base could
indicate slow pyrolysis due to low supply energy. In addition, the accumulation
line (solid line), especially the end of that line, referred to the time at the finish
of the pyrolysis process. Moreover, the profiles of both figures demonstrated
that increases in reaction temperature affected creaking behavior in the
pyrolysis process.

The amount of pyrolysis oil produced by thermal pyrolysis increased
as the reaction temperature rose (Fig. 5). However, at 390 °C of reaction
temperature, both the thermal and catalytic pyrolysis did not seem to show
any liquid product, as shown in Figs. 5 and 6, due to the lower reaction
temperature than the degradation temperature analyzed by TGA in Fig. 3.

Fig. 6 shows the results of the liquid product of catalytic pyrolysis. The
liquid product profiles were revealed with the same trend of thermal pyrolysis
as in Fig. 5. Moreover, it might be evident that the plastic sample cracked rapidly
when the temperature increased in both processes due to the endothermic
reaction of the pyrolysis process.

However, as shown in Fig. 7, the catalytic process had a shorter reaction
time than the thermal process. The time required to terminate the reaction in
the thermal process was more than the catalytic process, which principally

accelerates the reaction of the catalyst.
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Fig. 5 The liquid product profile and reaction time
of thermal pyrolysis.
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Fig. 6 The liquid product profile and reaction time
of catalytic pyrolysis.
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Fig. 7 The reaction time and reaction temperature in the thermal pyrolysis

and catalytic pyrolysis.

Table 1 summarizes the pyrolysis experiment results. In the case of
pyrolysis oil yield, the result showed that the increase in reaction temperature
in the catalytic process resulted in an increase in liquid yield from 63.63 to
70.12 wt.% and a likely constant value of 475 °C. In contrast, the product of
the thermal process had a maximum liquid yield (84.21 wt.%) at 450 °C. The
higher liquid yield from thermal pyrolysis than catalytic pyrolysis is probably
due to the high activities of the spent FCC catalyst, which promoted the
pyrolysis reaction; thus, the liquid product could be cracked into more gas,
which increased from 3.98 to 21.56 wt.% in thermal pyrolysis and catalytic
pyrolysis at 450 °C, respectively. The liquid product of all experiments was
analyzed by the composition of DGC, and their results are also shown in
Table 1. The composition of liquid products can be separated by the range of
their boiling points, which were defined as naphtha (25-200 °C), kerosene
(200-250 °Q), diesel (250-370 °C), and long residue (>370 °C).

Therefore, the optimum condition for the catalytic process was at 450 °C

which provided 70.12 wt.% of liquid yield, 39.90% of naphtha, 17.10% of
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kerosene, 35.40% of diesel, and 7.60% of long residue. In comparison, the
optimum temperature for the thermal process was 450 °C, which contributed
84.21% of the yield, 37.00% of the naphtha, 18.60% of the kerosene, 37.40%
of the diesel, and 7.00% of the long residue. However, due to the low
decomposition temperature of the plastic, the liquid product was not found
at 390 °C in either process. Furthermore, the time required to terminate the
reaction in the thermal process was longer than in the catalytic- process because

the catalyst can accelerate the reaction.

Table 1 Product yields, pyrolysis oil compositions, and reaction time.

Reaction Conditions Thermal Pyrolysis Catalytic Pyrolysis

Reaction temperature (°C) 390 425 450 475 390 425 450 475

Product yields (wt.%)

Pyrolysis oil 0 4235  84.21  73.38 0 63.63 70.12  70.05
Residue carbon 0 17.25  11.81 8.90 0 1481 12.04  9.63
Pyrolysis gas* 0 40.40 3.98 17.72 0 2156 17.84  20.32
Total - 100 100 100 - 100 100 100

Pyrolysis oil compositions (vol.%)

Naphtha 0 37.80 37.00 33.40 0 47.00 3990 34.80
Kerosene 0 2240 18.60  15.50 0 2330 17.10 1490
Diesel 0 38.70  37.40 35.30 0 28.80 3540 34.00
Long residue 0 1.10 7.00 15.80 0 0.90 7.60 16.30
Total - 100 100 100 - 100 100 100
Reaction time (min) 0 525 255 165 0 495 210 150

* from mass balance

Conclusion

The thermal pyrolysis and catalytic pyrolysis using spent FCC catalyst
were investigated at various reaction temperatures. The results revealed that
the thermal pyrolysis process at 450 °C provided the maximum pyrolysis oil

yield of 84.21 wt.%, which was accompanied by 37.00% naphtha, 18.60%
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kerosene, 37.40% diesel, and 7.00% long residue. In a while, the catalytic
pyrolysis process at 450 °C provided the maximum pyrolysis oil yield of 70.12
wt.9%, which consisted of 39.90% naphtha, 17.10% kerosene, 35.40% diesel,
and 7.60% long residue. Pyrolysis is an alternative method for disposing of

plastic waste on Samui Island by converting it into more valuable fuels.
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UszavgUhum aeldueinlulasreulvsiaes nundudy SuAnwues dansily
fintaszerna fu HC-RS04 Indpstasiiudmiuggeongasiimnmiilunisiadeud
Uszanal 0.17 - 0.37 winssiodundl ansnsauiussdvemuduiteligfgeengrinuny
Idmnzay Wesheisesdioiduiimadeusell dmsunsudaieudamnzan
funmsldanulunifdyaalal

NadNNTMAFBUTRIATRIIBIALdMTUgIeY R OGS RIS
\Sestaiiuaunsavihanld 100% waznaaeuszuunsadulunthiinnauusiudige
NMIVAFBUAATNEYeITEUUNMTLI AU siufiauiieds 3.3 Ui uagdn

Wesuuansgiuminnu 0.19 anansatluldusslenilagnafissdnsnm
ARy SEUURTIITUTUNTN, NISKIAADUNITAY, LATEITIELRAU

Abstract

At present, the number of elderly is increasing day by day which makes
health problems without exercise. A walking-aided machine for the elderly is a
useful necessity for the elderly in using exercise with fall notification. Because
most walking-aided machines are controlled with pressed buttons as well as
without notification. In this research, we improved a walking-aided machine
with a face detection system and fall notification through a line application.
The control system for a walking-aided machine was moved forward by using
face detection system of the user with a web camera and image processing
with raspberry pi. It sent parameters to the microcontroller Arduino Uno which
controls to move forward instead of pressing the button. The notification
system through line application will send to the caretaker when the elderly
was an accident. The notification system was used to microcontroller NodeMCU
which receives data from distant ultrasonic sensor model HC-RS04. A walking-
aided machine for the elderly was speeded in movement of around 0.17 m/s

to 0.37 m/s that can adjust to speed for the elderly to step properly. Since the
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walker has a Wi-Fi connection for notifications which were suitable for use in
the presence of a Wi-Fi signal.

The result of the experiment of a walking-aided machine for the elderly
with turning test of the walking-aided machine can be made 100%, testing face
detection system has high accuracy. The final test of the fall notification system
has a speeding average of 3.3 seconds, and a standard deviation of 0.19 can be

utilized effectively.
Keywords: Face detection, Fall notification, Walking aided machine
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