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Abstract

The objectives of this study were to determine total phenolic content, antioxidant, antimicrobial and anti-inflammatory
activities of methanol extracts from 7 culinary herbs (Boesenbergia rotunda, Zingiber officinale, Alpinia galanga,
Cymbopogon citratus, Citrus hystrix, Ocimum sanctum and Piper sarmentosum). The results revealed that total
phenolic content (TPC) determined by Folin-Ciocaltue assay was highest in B. rotunda, P. sarmentosum and
Z. officinale extracts. Z. officinale extract had the most antioxidant activity followed by extracts of B. rotunda and
P. sarmentosum. Their IC50 values from the DPPH test were 0.366+0.005, 0.545+0.003 and 0.629+0.003 mg/ml,
and those from the ABTS test were 0.193+0.003, 0.218 +0.001 and 0.528+0.001 mg/ml, respectively. Inhibition
of 4 pathogenic microorganisms (Staphylcoccus aureus, Escherichia coli, Salmonella typhimurium and Klebsiella
pneumoniae subsp. Pneumoniae) assayed by microdilution method showed that Z. officinale extract provided the most
inhibitory effects against S. aureus, E. coli and S. typhimurium with MIC of 1.40, 1.40 and 5.63 mg/ml, respectively.

Furthermore, B. rotunda extract showed the greatest activity against K. pneumonia subsp. Pneumoniae, with MIC of
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0.70 mg/ml. It was found that Citrus hystrix extract had the highest anti-inflammatory percentage of 47.58% at 1000

ppm solution by Egg’s albumin protein denaturation method, and the result was statistically significant (p<0.05). The

results of this study show that some of the culinary herbs can not only enhance the taste of food but can also be used

as a source of antioxidant, antimicrobial and anti-inflammatory effects.

Keywords: Culinary herbs, antioxidant, antimicrobial, total phenolic content, anti-inflammatory
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a9rLTaLT e win 5 52109 uaruaazidoaTiiaay 30 n3w
WANAYIIINELAY LUNIUDA ﬁqm%gﬁﬁaa Wwaa 7
Th (aﬁ@%ﬂ 3 ﬂ%@) FREFINaaL0aNTLAS eI
LUUgINIe (Vacuum Evaporator) LLa:Lﬂ%a\‘lﬁﬁLLﬁ\‘l
wuuwgiHanuds (Freeze dryer) 3z ldasanansze (6.71
n3u) B9 (5.33 NIW) 21 (7.43 NIW) NN (5.07 NIW)
WzN3a (5.98 NTN) TEWQ (4.58 NFW) uazazlas (8.84 n3u)
altlumsnageugndmeiinwaaly
mMsarzilSanailiuainiia
mMyaTzrdSunainedniin (Total phenolic
content, TPC) lael#3% Folin-Ciocalteu colorimetric assay
(Siddiqui et al., 2017) wdpuanIanaaywlniluaTIudaz

Activities of crude extract from culinary herbs for antioxidants,

antimicrobial and anti-inflammatory

sRefinnududn 1 dadnSudefadans ssazany
M0ENNINTHARE 1 UARNAT LANE1TRZANY Folin-Ciocalteu
(Lﬁam\‘lﬁ’mﬁ’l 10 1¥11) 5 UaAAAT WAz Sodium carbonate
(NTH 7.5%) 4 NadaaT WANUAZ melmm'mu a1y
30 Wl mmmm@ﬂammwmmmaﬂau 765 wlu
LAT Iumsmaaaﬂ*’ﬁmmmaaﬂ (Gallic acid) ‘Jua13
ANATII (IAUNARALESBARRITITY 250, 200, 150,
100 uaz 50 lulasn3udedng) Mniud s
fuadnmuannaanasgiunsaunafauasduimliag
1um|l'sﬂﬁafﬁﬂ%maugamaonmLmafﬁﬂ@iaﬁmﬁnﬂ%'waa
§178NA (Mg GAE/g extract)

mi‘nﬂaa‘qu§ﬁ'ﬂua%§a8aszﬁaﬂ3§ DPPH

"3mm:vﬁ‘ﬁnUmWﬂ'ﬁﬁ'l%’ﬂa%aSai:Im%%
DPPH (Veeru et al., 2009) ta3uaaanaayulnsluni
@1087198% 5 AMULTUTY (1, 0.50, 0.25, 0.125 Uaz 0.625
fadnSudefafany) lagldiunueadudvinazans ¥in
mmﬁ'@é’aasm“?imwmiuiu@m6] N981982 0.1 Uadaas
W@uluuaa 0.2 JadAas wazanIazany 0.3 Aadluas
DPPH (2,2-diphenyl-1-picrylnydrazyl) 0.4 388863 W&
uaztgn i iudsns 3 luidia 30 wnd Tad1mIganan
usefienuenan 517 wiluwas suwmndofifue
m%aannw%ﬁmawaﬁm: (% Inhibition) FI&NNTT (1)

% Inhibition = [(AB - AA) / AB] x 100 (1)

\fio AA @8 AINNIQANAUUEIVDITNTAIDENI AB
g AT IQANAULEITBIAIAILAN (ETIRUANLTUENT
@10819) MNMAWI NN IC_| AMNNNWLTUATILTAS
mw%’uﬁufiwvmﬁaﬂawmwmmmﬁmawaﬁm*ﬁu
msdaseluudazanududu lasfidn IC_ LEAITIAINN
memlaamimazmmlqwﬂumimuaaﬂmmuﬂmlﬂ
ANULTNTwIaI0%IA DPPH aaasiauas 50

mManadounNEaBaRNABIIzAI83S ABTS

Aerzidnoninniiiineyysdaszlasid
ABTS (Veeru et al., 2009) LaSuNauya ABTS™ lauld
8138288 ABTS 0.0768 n3u uazlnunaidonitasdama
0.0132 N3N azanEsEtinngsw 20 Hasans Ul luise
e 24 s ntwiaansdasienuealilden
mIganiu AAULEINANNENIAAK 734 Wl wiafu
0.700£0.02 TuABKNINATOL wispuansaiaayulnalu
ATIG0E1982 5 ANULTNTH (1, 0.5, 0.25, 0.125 WAz
0.0625 UaANITNGaNARENT) WINIANUITUTUAE 0.1
§adday LAusIazawanys ABTS™ 0.9 HadaaT Waw
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wazien g Genaly 6 w mﬂﬁ?u’if@mg@ﬂﬁmma
finugnnan 734 wluwas dwisnidofidudnms
aanqwiﬁfﬁmawaam: (FUM3 1) uAzA IC_ LTwifien
AU3T DPPH

nﬂsﬂmaauqn§ﬁ1ugﬁuﬂ§ﬁ

maaummmmLﬁuiu@iﬁqﬂmaamiﬁmmm
fudiagdun3d (Minimum Inhibitory Concentration; MIC)
1ag3T microdilution (WeMFAT AAWA uaz a1 UTauud,
2561) ﬁ'm'li‘nmaaﬁﬁaaﬂg‘jﬁamﬁga%ﬁwm aud
NARBUNIIINEIMEAT Wr1Insnaluladsnvuiaa
Al "371mLm@laﬁuﬂﬂ@m%aﬁ;auﬂ%ﬁﬁﬁwmlﬁmaau fla
Staphylcoccus aureus 2329, Escherichia coliNCTC12923,
Salmonella typhimurium NCTC12023 uaz Klebsiella
pneumoniae subsp. Pneumoniae 1867 Y11 Lgméﬁ HIpl7 bl
TSB (Tryptic Soy Broth) ﬂu“?’iqm‘vxgﬁ 35 agaLaLTaN
Wwaan 24 $alus udsingelddumdssfinanuis
50U 6000 saUAIMIT INsInALlu supernatant 119 1w
8149628 0.85% NaCl mnffuﬂ%’ummﬁumaaL%alﬁﬁﬂ’s'lw
YULNNUANUYRVDIRIINIATZI% McFarland No. 0.5
(1x10° CFU/mI)%y'u@aumsmaauL@]’%ﬂumiaﬁwmulﬁ
fanududurindy 22.5 SadnSudelafaas udalEisms
13991962881%13 MHB (Mueller-Hinton Broth) 1 ldana
\indw 22.5, 11.25, 5.625, 2.81, 1.40, 0.703, 0.35 W&
0.175 AaANTUADNANNAT ATUR1AU NIDIA8 Membrane
Fitter 0.45 lulasins luaniziaeaitia winaenfinus
Vancomycin Lﬁﬂiﬁﬂu positive control I@ﬂm?ﬂuﬁlm’m
ud 10 Tulasnsudeiasans oasasaisas 2 1 2z
ldanuiudunassn Vancomycin 1Ay 10, 5, 2.5,1.25,
0.625, 0.3125, 0.156 Waz 0.0781 hulasnSudaiiafans
aUEGU NN NTaTiSUa Tl 1x10°
CFU/mL asluudaznguiianas 100 lulasdiay udainld
ﬂwﬁqmﬁgﬁ 35 pemumaldos 1Dwan 18-24 Halus
ﬁnvl,ﬂéwummi@@nﬁuumi@sflﬁj”m'%aa Microplate reader
AANNE1IAAW 650 W WUAT MTBIUNANINARBIAN
mmLﬁ&l*’ﬁumaomﬂmzé’uﬁwq@ﬁmmmﬁuily'dmim'%ty,

[
=

?Jao@fﬁuw%aﬂﬁé’aLﬂmmﬂmjw%aimaammsﬁvlaiﬁm
L'«ﬁtyLﬂ’%ﬂmﬁmuﬁummiﬂﬂaaa“?‘iﬁu@immﬂgﬂ\u%a
NURIIENA mmvﬁwﬁuﬁﬁfaﬂﬁq@maaniaﬁ'@ﬁvLajﬁﬂﬁ
LﬁtgﬂuaaL%alﬁﬁuﬁﬂmmimaauﬂum MIC $i1n1s

nagay 3 €N

miﬂ@lﬁi)uqnéﬁ’mmié’mﬁu

W@]aaﬂﬂfliﬁquﬂ']ié’ﬂLﬁﬂ'ﬂqﬂﬂqigfyl’aﬂ
RNNTITNT AV LUSA (Protein denaturation) ae
é’ayﬁu“uaﬂﬂ (law17) @283% Egg’s albumin protein

J Sci Technol MSU

denaturation method lagta3suaTacaudiagnIdInsy
nageay: LHWaNINEN 5 JaRaaT Usznauenudayiiv 289
l9ns 0.2 Hadaas (livnanlelnige) sindeiinas
WaslwWe (PBS, pH 6.3) 4.6 188807 LAz dladNNasaU
(msaﬁ@ayu‘lm‘ﬁ'ﬁwa:mﬂ@i’ml,umuaaﬁﬂ'nwﬁuﬂu
1000 ppm) 0.2 JARAAT §1IBZAILAIVAY (control): 5
findday Ysznaudiodayiu 0.2 Taddas (liznnlyli
89) iindaimaswemma (PBS, pH 6.3) 4.6 AaRRG7 LAY
WKeR 0.2 UaARAT LARIIRLAN8NIATII: 5 WaRanT
Usznoudiudayiu 0.2 Haddas (Wmanlyldaa)
iindeieinema (PBS, pH 6.3) 4.6 Ja8AAT WA
gnlalaafuualoldon (Diclofenac sodium) AMNLTNTY
W@EINURIIN0E198N 0.2 UaRAAT IDNasaUiInaae
Fothsnonuanazonlaldiud 3742 sseimaidus
lu water bath (Huiian 15 wnfl mni’fuﬁwmejulu water
bath ﬁqm‘v\{}ﬁ 70 asenimaidos wam 1w dolidu
ﬁ?ﬁﬂﬂ’?@]ﬁ’]ﬂ’]i@ﬂﬂﬁmmﬂﬁﬂ’:’]11U’]’Jﬂa;u 660 W1 luAT
AaLLUad31n (Sangeetha & Vidhya, 2016) LazA1WI AR
1oL BUANIIIWANLEL(% Inhibition) AYFNNT (2)

% Inhibition = 100 x [Vt / Vc - 1] (2)

\Wa Vt fa AINNTQANAULEIVBIRITADENS
WAZVe Ap ANNIQANARLEITBIFINILAN IUNHNNT
NA80ILUY Completely Random Design (CRD) i
a o ga S & a
NINLNUNN 3 41 AaTeranundsdsiw wastdIgy
Wouduafeszning nInduniesdT Duncan’s Multiple
Range Test (DMRT) lagdinuaainuibadiun 95
1asifud (p<0.05)

Han1Inaaag
nywdsunmansdsznauduadnsan (TPC)
1avAT Folin-Ciocalteu va3anIanianeuamaywinly
A3 7 pila laafisuiunawanesgiuniaunada (Table
1) wudssananszralUsunmasdszneuduedn
swannfiga lasf TPC = 121.1245 51 mgGAE/g extract
7898901A8 TEN§(88.00£2.31 mgGAE/g extract)
29 (66.69+0.47 mgGAE/g extract) NzLWIN (62.61+6.56
mgGAE/ g extract) 4zn3a (56.22+3.01 mgGAE/g extract)
91 (23.48+2.70 mgGAE/g extract) uazazlad (9.57+0.86

o

mgGAE/g extract) ANaaL

&

MINAFOUANTINUBUYADFIZAI182D DPPH
uaz3% ABTS pasasananenuanayulniluaiy 7 il
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(Table 1) TAnamsnamavldly Aanmadoiu asania
vxmumguvlwﬂuﬂ%hﬁmwmﬁuﬁu 1 Jadn3udaiiafaeg
ﬁL‘]Jas’w‘ﬁumsﬂ’uQy'aa%laa%mfa‘m:"lé‘l,uﬁau 23.77-100%
I@mmiaﬁ'ﬂﬁﬁmaﬁ%uﬁmsﬁuﬁtaamg;da'éaizvlﬁmnmh
50%

Y153 DPPH uaz ABTS A an3aiais (85.47, 100%)
N3G (74.45, 98.00%) UASTZWY (67.50, 82.14%) Lile
ﬁwmmmmmﬁu‘*ﬁﬂumsﬁuSaaggaﬁaizvl@i’ﬂ%mﬁd

Activities of crude extract from culinary herbs for antioxidants,

antimicrobial and anti-inflammatory

maaa%a’éai:ﬁv’mm (IC. ) wWudansaneds nszany
uazTEWg e IC_ 9131 DPPH ¥y 0.366+0.005,
0.5450.003 LAz 0.629+0.003 NadnTuGalafaaTLAS
@ IC,, 21N3D ABTS ¥infU 0.193+0.003, 0.218+0.001
Waz 0.528+0.001 HadnSudaladans mudey iaFou
AU I UaUADFILNINIZIU Quercetin Wz BHT wui
fIENATI NILTY URSTENY ifamt,mmqw%{miﬁmawa
daszldntannin

Table 1 Total phenolic content (TPC) and antioxidant activities of crude extracts from culinary herbs
sample TPC DPPH ABTS

(mgGAE/g extract) o, inhibition (1 mg/ml)  IC_(mg/ml) % inhibition (1 mg/ml) IC__ (mg/mi)
Boesenbergia rotunda 121.12 £5.51 74.45+0.47 0.545+0.003 98.00+3.15 0.218 +0.001
Zingiber officinale 66.69+0.47 85.47+1.15 0.3660.005 100 +0.00 0.193+0.003
Alpinia galangal 23.484+2.70 26.41+2.77 >1 31.47+1.61 >1
Ocimum tenuifiorum 62.6116.56 33.08 +0.86 >1 41.0+£0.94 >1
Citrus hystrix 56.22+3.01 25.40+0.38 >1 64.51+1.17 0.688+0.003
Piper sarmentosum 88.00£2.31 67.50+1.78 0.629+0.003 82.1420.74 0.528+0.001
Cymbopogon citratus 9.57+0.86 26.73+1.02 >1 23.77+0.94 >1
Quercetine - 100 £0.00 0.0410.001 100 +0.00 0.014+0.001
BHT - 100 +0.00 0.048+0.001 100 £0.00 0.023+0.001

Note: data presented as mean+SD from analysis of three samples, in triplicate, Quercetin and BHT are positive control.

SN . -
NAMINAFAUNTNNIEU mqauﬂ‘%ﬁﬂakﬂ 4 1he

fo S. aureus, E. coli, S. typhimurium Wae K. pneumonia
subsp. Pneumoniae PYIFNIRNANTETY T URSTENG
. o A o« ¥ X A a6

(Table 2) WUIRIIFNATIRINIINGULILTOYRUNTY
S. aureus, E. coli Uaz S. typhimurium la@ninasana
NIV UNSTENG lasfidn MIC Wiy 1.40, 1.40 uae
5.63 UafANINAONARRAT ANUSIAY §FIUNITULILTE

Table 2

K. pneumoniae subsp. Pneumoniae WUINRIIRNANIZTNE
ﬁqw'ﬁfﬁuﬁy'avlﬁﬁﬂ'j’lmmﬁ'@ﬁmaw:wg fiaududu
MIC iy 0.70 SadnSudaladans (HewwSeufisuf
8117 Fme Vancomycin #l413u positive control &3
aﬁ'@maluvlwﬂuﬂ%‘aﬁy'a 3 w%ia Janwaansolwnsiud
L%aqﬁuﬂ%ﬁﬁy’a 4 mﬂﬁunf"l,@?ﬁam'j']

Minimum inhibitory concentration (MIC) of crude extracts from culinary herbs

Minimal Inhibition Concentration (mg/ml)

Bacterial Strains

B. rotunda Z. officinale P. sarmentosum Vancomycin
S. aureus 2329 >22.5 1.40 225 0.00125
E. coliNCTC12923 >22.5 1.40 225 >0.01
S. typhimurium NCTC12023 225 5.63 225 NA
K. pneumoniae subsp. Pneumoniae 1867 0.70 5.63 225 0.0025

NA = No activity
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Namw@aaqu%fﬁwumié'ﬂLaumnmmﬁ'ﬂ
suulnsluaiilaggainmsgidsaninsssumaves
1156u (protein denaturation) LWSsutAsusening
sIszaodmaiiinizayulniluat 7 oia svazans
AILAN UATANIAZAHANAITIH Zanaanmanasavlagis

Egg’s albumin protein denaturation method

J Sci Technol MSU

(Table 3) wuin Wofidudnsiudansdniay
mﬂmiaﬁ'ﬂumﬂgmiﬁwaﬁﬁq@ JDININABENTNINTIN
(lalaafuun) 91 uazzewg Tnsnfisnsaiods azlay
N3N WENIANT JanbmIeumIsnEudnn Seua
Alswunmsazanorsnueiidafidudmsiufinmsaniay
ﬁLL@m@mﬁuaﬂwaﬁﬁﬁéﬂﬁ@wwuaﬁa (p<0.05)

Table 3 % Inhibition of protein denaturation (Egg’s albumin) of crude extracts from culinary herbs
Sample Absorbance at 660 nm* % inhibition

control 0.929+0.0021" -

Diclofenac sodium 0.502+0.0027" 45.96
Boesenbergia rotunda 0.643+0.0029' 30.78
Zingiber officinale 0.711£0.0040° 23.46
Alpinia galangal 0.512+0.0030° 44.88
Ocimum tenuiflorum 0.6150.0046° 33.80
Citrus hystrix 0.487+0.0012° 47.58
Piper sarmentosum 0.547+0.0010° 41.12
Cymbopogon citratus 0.664+0.0013° 28.52

- * data presented as mean+SD from analysis of three samples, in triplicate.

abc

Means = SD with different letters are significantly different (p<0.05)

andssuazasduaniimaaas
nnuanInasassanaayliuda g Ierarail
1) ‘ﬂ'%mmmiﬂi:nauﬁ?‘xluaﬁn‘ﬁlaﬁ'@vl,ﬁmﬂﬁ‘maguvlwﬂu
a3usannunlutes fa snsaiaannIzTe TEWR
T3 NZIW WENIA U0 Uae azla¥ audeu 2) qw‘ﬁfﬁm
atgga%as:ﬁﬁLﬂiﬁ:ﬂ@ﬁ"vﬂﬂmmﬁ'ﬂﬁﬂnmgu‘lwﬂuﬂ%’a
Fosnannidiey da a13aiaaInTs Ny wazTENg
ANUAIGL mmﬁ'@‘é‘ue] Tiny Beudinansaiafilaan
N uazTewgy aillSunaasiznauiuedngige
a1 LL@iﬁt}ﬂ%{ﬁwuam&aamzﬁfaundwmsaﬁ'ﬂmﬂ%d
Fatin s1sdsznaviuadnfinuluds 30dus3id
Ui:’&w%mwgﬂumsﬁuﬁdawa’ém: ILINUITUWUIN
ludsdians 6-shogaol, 6-gingerol LAz oleoresin ﬁ'f%\‘iLﬂu
mﬂuﬂajuﬂ'uaﬁﬂﬁﬁﬂs:?m%mwgﬂumsaanqn%fﬁ'm
auyAdaIz (Mao et al,, 2019) nizmadaslunguiluadin
LI quercetin, kaempferol, naringin, hesperidin, caffeic
acid, p-coumaric acid LLaZ chlorogenic acid (Eng-Chong
et al., 2012) Lﬂumsﬁﬁrm’f;ﬁmawaamz @208719LT%
2’ 4’-dihydroxy-6-methoxychalcone,5-hydroxy-7-methoxy-
flavanone WAy 5,7-dihydroxy- flavanone L&@IAN IC50=
46.66, 62.84, uay 62.66 lwlaInSudalafaas awaey
(Atun et al., 2018) mumwg G ar [-sitosterol, Naringenin,

Sarmentine, Sesamin, 1-piperettyl pyrrolidine, 3’,4’,5’-
trimethoxycinnamoyl pyrrolidine L8z Pellitorine (Azelan
et al., 2020) laufianslungu Wuadn da Naringenin 7
Wululummmwgﬁqw'ﬁfﬁuﬁg\imggaﬁzﬁ: superoxide
75.7% (Vimala & Mohd llham,1999) #anaing13lsznay
Wuafﬁnﬁﬁmwué’uﬁuﬁ‘ﬁ’quéﬁmawaamzLLé"séTaﬁ
aaﬁﬂszﬂaumamﬁﬁuq L% vitamin C, vitamin E, carotene
wazxanthophyll 1iudu Ainuiiduasdusznaumaniig
dseanawlumsdu Ely'aawaaaizvlﬁga lasdy5anmann
ﬁammﬂ@mﬁuvl,ﬂ%uagjiﬁuﬁmwia:mﬁﬂ Uae 3) qw’§€fu5\a
ﬁgauﬂ%ﬁmﬂmsaﬁ'@aag‘uvl,wﬂuﬂ%h WU §1IRNANTY
ﬁf]“(ﬁfil'll 5\1 L‘% 8 S. aureus, E. coli W8z S. typhimurium 3NN
FIRNANNNILTIUUNLTENY Tuvmsfinaninagey
L% 8 K. pneumoniae subsp. Pneumoniae WUIN8N3 8NAIN
m:mﬂﬁqw%fﬁuﬁy'al,%avlﬁmnﬁq@ mumwgﬁm"ﬁfﬁug’a
fgﬁuﬂ‘%ﬁ@‘iﬁuL%annmﬁﬂﬁﬁﬂmimaau Waudsnana
mm‘mlumiaanqw'?;maammﬁ'@mummﬂm@jum‘s
sangn’ laglddn MIC (van Vuuren, 2008) wuinnszany
Tannsiuialda (MIC <1 HadnSudeladans) laniz
38 K. pneumoniae subsp. ﬁdﬁﬂﬂ%ﬂ’ﬁﬁu&dﬂ’mﬂa’]d
(MIC 1-2.5 §a@nIudaiiadansy) follie S. aureus uax
E. coli wazfiuiislddndarte S. typhimurium (MIC > 2.5
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a

3 o & o o X
\AN mamaam) ﬁ’]u"ﬁ“’WNflﬂ‘ﬂﬁﬂ’ﬁUUEJ{]@]’]ﬂlJL%E]

D
DI

f
nnriafiinnmasay MNMsmTItasaiadefiont
guilTa S. aureus VLﬂm'mJmeumqﬂ (MIC) 1.4

a o

Nﬂﬂﬂi&l@]ﬂ&lﬂﬂﬂ@i IﬂﬁLﬁﬂdﬁUﬂﬂiﬁﬂHWﬂlﬂd UTUN|

- . N o
AanT (2560) ‘ﬂwmwmsan@muqmﬂummmmﬂmm
N§w Staphylococci ¢ MIC 1.25 fiadanTusdalanans uaz
fnonumIaiademunsaiuige £ coli, Proteus sp,
Staphylococci, Streptococci W8 Salmonella (Karuppiah
et al., 2012; Gull et al., 2012) lagasfUsznaunaniuds
a9y gingerol, paradol, shogaols L8z zingerone Wwany
ﬁmUﬁswmm’?f‘{fﬂ'ﬁwmmmaaﬂqw'ﬁfﬁ’mﬁﬁuﬁ%ﬂﬁashdﬁ
s &nInIN mmﬁ’@nszﬁmﬁqmﬁu& ‘8 K. pneumoniae
subsp. Pneumoniae ailuuuafizounsuavldfiniu
Li&“ﬁm‘ﬁq@ 0.7 faansudadafgas laaninaIaniads
WRZTZWY FOAANDINUIIKIILYEY Pattaratanawadee
et al. (2006) Anuinansaianszmoien MIC winiy

0.2-0.4 % (v/v) 83130 8UTINTATYVRITaYAUNIE

l&@ninasaiads 11 uazain osfUszneunIaLed
luﬂi:‘mﬂﬁﬁiwmmﬁﬁqw’ﬁﬁlumiﬁu5’&%6@5%%‘%5
laun boesenbergin, cardamonin, pinostrobin, 5, 7-
dimethoxyflavone, 1, 8-cineole L8z panduratin (Mahesh &
Satish, 2008) awsaﬁwawnm:wgﬁqw%ﬁu5&%@"[@1’[%5:61&
ﬁwlunmmaﬁﬁﬁwmiﬂmau (MIC iy 22.5 Jaan3u
dofiaffay) saandoInuuiTuzes Iaal Yyas
UazAe (2555) ﬁwuiﬂmmﬁ’ﬂ‘tw:wgmmmﬁ‘uﬂv‘aw%a

K. pneumoniae Uz S. aureus Nien MIC 1ynfiu 15.62 Naan3a

o
6a o

@iaﬁa?zﬁm%aag’lummsﬁmsﬁuSaL%aqﬁuw‘%ywm'\
L’ﬁ'uLa pafw wdadn lsiawluzzwaliasddsznaumaad
‘mm 89398 Ala myristicin, sarmentine, brachystamlde B,
brachyamide B LLa¢ piperonal Lﬂuﬁ’]i‘ﬂuﬂ‘n'ﬁmiﬂum
LﬁaiﬁLLa:Lmﬂmmvl@m (Chanprapai et al., 2017) uazla
4) uanmnqw'ﬁgﬁma%aﬁai:LL@:Qﬂ%ﬁUéﬁgauﬂ%ﬁLLﬁa
msaﬁmauuvlwﬂuﬂ%‘sﬁaﬂaﬁnwﬁﬁwuﬂWiﬁﬂLaus'f%awuiw
fIRNAluE niwnmmumianLauvl,@]@ma@mnmsm
An1sganduuasniannueniadn 660 wiluwuas laan
LaaﬂmﬂqﬂmammmmmwmwLﬂaimmmmum
mié‘nLauqaﬁq@Lfial,ﬁsmﬁ'umm:mﬂﬂ'mqu ]1I8ZANY
WIAITIN LLazmmﬁmguvlwwﬁ@ﬁu fmsdanswuinlu
mﬂg@ﬁa13aaﬂq71"§ﬂwa%'sﬂ1wwawU"Jjﬁ(ﬂ L% A0
weéualsfin (B-Carotene) lnsiuaaia (citronellal)
wénlwdiu (B-Pinene) 8ludiu (limonene) lasianizans
Iuﬂﬁjw furanocoumarin l@WA &13 oxypeucedanin WY
bergamottin F9FMpNU3T ﬂﬁi:qdﬂﬁqwﬂumiﬁmﬁnmu
e (y@%y Fandwia, 2563) arvaiaainlunzniatig

Activities of crude extract from culinary herbs for antioxidants,

antimicrobial and anti-inflammatory

ﬂaaﬁumnﬁauamwuaaLmaﬁﬂixmwﬁLﬁﬂmﬂn@IﬂmLa:
ﬂ%fuﬂ?‘lmsﬁw’mmaamaﬁﬂszmﬂvlﬁ (Pattarachotanant
& Tencomnao , 2020) uanmnﬁiui‘l%qﬁuﬁawuhmiaﬁ'@
mrﬂuu:ﬂgﬂmmmlifﬁmmsé‘nLau‘/‘ifﬂzﬁﬂﬂ;jmﬂﬁﬂ
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Abstract

The government has supported the development of freshwater fisheries or local fisheries via the Fisheries Statistics
Group, Fisheries Development Policy and Planning Division of the Department of Fisheries. In the development of
local areas, freshwater fishing is encouraged for a group of 3 species of fish: Tilapia, Catfish and Tapia. The problems
encountered by freshwater fisheries are water quality and feeding procedures in freshwater fisheries that provide food
with not actual proportional. Consequently there are increasing labor costs and deteriorating water quality. We found
a way to manage fish feeding automatically and check water quality through the application of MQT technology to
manage work and to monitor the data to suit freshwater fishing, providing quality of growth and proper control of the
amount of food supplied, thereby reducing food costs. The research was divided into two parts: hardware and software.
Hardware was an M.C.U. node with a relay used to control the motor. In addition, there was a PH sensor module

and waterproof temperature sensor. Python programming served as a platform for developing applications used to
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communicate with users. The results showed that Farmers were satisfied because the good quality of water provided

survival rates of catfish in the nursery which increased from the original 92% to 100% after the trial and also reduced

the labor cost of taking care of the nursery catfish for 1,725 baht/month. This was possible because information can

be checked and controlled through an application as can the remaining time for other occupations.

Keywords: Freshwater fisheries, automatic fish feeding, water quality monitoring, MQTT
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Figure 2 System operation and shows
a working diagram of the application.
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Figure 4 Fish feeder application display screen
with water quality check
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Table 1 Comparison of pH and Temperature Per the number of fish in the pond, there is an automatic fish feeder
and haven’t automatic fish feeder
Number of amount
measurement of measurement of Number of fish in
fish in automatic of food
Value automatic fish feeder manual fish feeder manual fish feeder
fish feeder (9)
Date of
measurement Experiment Experiment
1 2 3 1 2 3 1 2 3 1 2 3
pH 6.67 6.71 6.95 6.95 6.67 6.71
1 50 50 50 25 50 50 50
Temp 29.64 29.66 29.67 29.64 29.66 29.67
pH 7.37 7.39 7.14 7.14 7.37 7.39
2 50 50 50 25 50 50 50
Temp 28.94 28.94 28.96 28.94 28.94 28.96
pH 7.93 7.37 7.37 7.37 7.93 7.94
3 50 50 50 25 50 50 50
Temp 28.94 28.12 28.11 28.94 28.12 28.11
pH 7.39 7.4 7.39 7.39 7.34 7.4
4 50 50 50 25 50 50 49
Temp 28.92 28.93 28.95 28.92 28.93 28.95
pH 7.33 7.32 7.41 7.41 7.32 7.33
5 50 50 50 25 49 50 49
Temp 29.2 28.99 291 29.2 28.99 29.1
pH 7.52 7.53 7.5 7.5 7.52 7.53
6 50 50 50 25 49 49 49
Temp 29.5 28.94 29 29.5 28.94 29
pH 7.48 7.46 7.52 7.52 7.48 7.46
7 50 50 50 25 49 49 49
Temp 29.6 29.61 29.63 29.6 29.61 29.63
pH 6.81 6.79 6.8 6.8 6.79 6.79
8 50 50 50 25 48 48 49
Temp 28.94 28.91 28.92 28.94 28.91 28.92
pH 7.91 777 7.89 7.61 7.89 7.91
9 50 50 50 25 48 48 49
Temp 28.84 28.22 28.24 28.84 28.22 28.24
pH 7.92 7.81 7.93 7.65 7.92 7.93
10 50 50 50 25 48 48 49
Temp 28.9 28.24 28.26 28.9 28.24 28.26
pH 7.92 7.81 7.93 7.66 7.94 7.95
11 50 50 50 50 48 48 49
Temp 28.84 28.22 28.24 291 29.3 295
pH 7.66 7.99 7.98 7.68 7.95 7.98
12 50 50 50 50 47 48 49
Temp 29.3 29.4 29.6 29.3 29.4 29.6
pH 7.75 7.84 7.98 7.69 7.95 7.98
13 50 50 50 50 47 48 48
Temp 29.5 29.6 29.8 29.5 29.6 29.8
pH 7.78 7.98 7.99 7.7 7.97 7.99
14 50 50 50 50 47 47 48
Temp 29.6 29.7 29.8 29.6 29.7 29.8
pH 6.99 6.7 6.69 6.62 6.64 6.69
15 50 50 50 50 47 47 48
Temp 29.64 29.66 29.65 29.64 29.66 29.65
pH 6.67 6.68 6.72 6.65 6.69 6.7
16 50 50 50 50 46 47 48
Temp 29.65 29.68 29.66 29.65 29.68 29.66
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Table 1 Comparison of pH and Temperature Per the number of fish in the pond, there is an automatic fish feeder
and haven’t automatic fish feeder (cont.)
Number of amount
measurement of measurement of Number of fish in
fish in automatic of food
Value automatic fish feeder manual fish feeder manual fish feeder
fish feeder (9)
Date of
measurement Experiment Experiment
1 2 3 1 2 3 1 2 3 1 2 3
pH 6.69 6.75 6.74 6.66 6.7 6.73
17 50 50 50 50 46 47 48
Temp 29.64 29.98 30 29.66 29.73 29.69
pH 6.7 6.72 6.75 6.7 6.77 6.78
18 50 50 50 50 46 47 48
Temp 29.67 29.7 29.75 29.68 29.7 29.7
pH 6.8 6.84 6.86 7.21 7.22 7.31
19 50 50 50 50 46 47 48
Temp 29.7 29.74 29.75 29.7 29.67 29.88
pH 7.12 7.15 7.18 7.28 7.25 7.29
20 50 50 50 50 46 47 47
Temp 29.81 29.85 29.83 29.8 29.82 29.91
pH 6.66 6.68 6.7 6.71 6.75 6.76
21 50 50 50 75 46 46 47
Temp 29.65 29.67 29.77 28.91 28.95 28.94
pH 6.52 6.46 6.51 6.66 6.7 6.71
22 50 50 50 75 45 46 47
Temp 28.9 28.81 28.91 28.9 28.91 28.93
pH 6.52 6.81 6.92 6.8 6.85 6.84
23 50 50 50 75 45 46 47
Temp 28.9 28.93 28.97 29.01 29.12 29.15
pH 7.22 7.22 7.25 7.19 7.29 7.31
Avg. 50 - 46
Temp 29.31 29.20 29.24 29.30 29.21 29.26
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Abstract

In this study, used aluminum beverage cans were recycled and chemical composition of an aluminum alloy ingot
obtained from the recycled cans was examined by emission spectroscopy. The ingots were remelted at 750 °C, and
then 0.25 wt.% Si, 0.5 wt.% Si, 1.5 wt.% Mg and 3 wt.% Mg powders were added to improve the mechanical properties
of the alloy. The microstructure and mechanical properties of the as-cast recycled aluminum alloy and recycled
Al-Mg-Si alloy at different Si and Mg contents were investigated via optical microscopy (LOM), scanning electron
microscopy (SEM), hardness tester, and universal testing machine (UTM). The results revealed that the microstructure
of the recycled aluminum alloy ingot consisted of Al-Mg-Mn solid solution and four different secondary phases:
AI19(FeSSiMn), AI33(Fe38iMn), AIﬂ(FezMn), and A|19(M928i) phase. The hardness and tensile strength of the recycled
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Investigation and improvement of the properties of recycled

aluminum alloy by adding Si and Mg

aluminum alloy increased with the addition of Si and Mg powders. As the Mg content increased from 1.5 wt.% to 3 wt.%,

the volume fraction of the AI19(M928i) secondary phase increased. The experimental results indicated that the addition

of Si and Mg can modify the microstructure and improve the mechanical properties of the recycled aluminum alloy.

Keywords: Aluminum beverage cans, recycled aluminum alloy, Al-Mg-Si alloy, microstructure, mechanical property

Introduction

Aluminum alloy is a metal with many outstanding properties,
such as a lightweight, high ductility, good corrosion
resistance, and recyclability (Sharma et al., 2020). Hence,
it is widely used in a wide range of applications, such
as automotive parts, electrical appliance parts, window
frames, and food packaging (Sharma et al., 2020, Miller
etal., 2000, Borgert & Homberg, 2022, Cooper & Allwood,
2012, Brough & Jouhara, 2020). Based on reports, 50.6
million tons of aluminum alloy products were used in
2013, the need for these consumptions has increased to
59 million tons by 2016, and the demand for aluminum
alloy products tends to grow every year (Galevsky
etal., 2018). Thus, aluminum alloy wastes are increasing,
especially the wastes from food packaging with single-use
products (i.e., beverage cans, aluminum foil, and food
cans). Common waste disposal methods are reuse,
composting, recycling, and sanitary landfill (Sakai et al.,
1996). Recycling is probably the most beneficial method
for aluminum and its alloy waste disposal. Recycling
aluminum uses only 5% of the energy expended to
produce the aluminum from bauxite ore and produces
carbon dioxide lower than primary aluminum production
by 20 times (Raabe et al., 2022). Hence, it could be a
promising method to sustain environmentally friendly
aluminum products and is beneficial for a country that

does not have much bauxite ore reserves.

Aluminum beverage cans were invented in 1959
as alcoholic drink containers (Buffington & Peterson,
2013). A beverage can made of aluminum alloy is lighter,
has higher corrosion resistance, and make drinks much
cooler than steel cans in a short span of time. The shape
of the aluminum beverage cans has been continuously
modified to meet consumer needs (Hosford & Duncan,
1994). Aluminum beverage cans are composed of two
parts: can body and can lip. Many researchers have
reported that the can body and can lid parts are made

of aluminum alloy grade 3004 and aluminum alloy grade

5182, respectively (Dagwa & Adama, 2018, Alsaffar &
Bdeir, 2008, Risonarta et al., 2019, Padmanabhan et al.,
2011).

Nowadays, recycle of used aluminum beverage
cans could be conducted via two techniques: (i) melting
the main body and lid parts separately and (ii) melting
the beverage can without disassembling it (Hosford &
Duncan, 1994, Dagwa & Adama, 2018, Alsaffar & Bdeir,
2008, Risonarta et al., 2019, Padmanabhan et al., 2011).
From an economical point of view, the second recycling
method appears to be the most effective way to recycle
aluminum beverage cans at a low cost. This approach is
easy to perform and consumes a short operation time. The
recovery mass of recycled aluminum via this technique
is 52.5% - 59.1% (Alsaffar & Bdeir, 2008). However, in
this method a recycled aluminum alloy ingot has complex
physical and chemical properties because it was casted
from two different aluminum alloys. The ingot has a Mg,
Mn, and other trace elements with incompatible content
from the trace aluminum alloy. Therefore, the properties
of the recycled aluminum alloy ingot must be improved
to enhance its mechanical properties and become
a commercial aluminum alloy. The most widely used
method for improving the performance of aluminum alloy
ingots is the addition of alloying elements (e.g., Mg, Si,
Cu Fe, and Cr) (Rana et al., 2012). However, the type and
quantity of the alloying elements significantly affect the
aluminum alloys’ properties (Jiang et al., 2020, Simsek &
ézy[]rek, 2019, Wang et al., 2014). Moreover, aluminum
has a solubility limit. Hence, the addition of an excess
quantity would create a different secondary phase and
reflect the physical and mechanical properties of an ingot.
Improving the properties of recycled aluminum beverage

cans by adding alloying elements has been rarely studied.

Therefore, this research aims to investigate
the properties of recycled aluminum beverage cans and
improve their properties with the addition of Si and Mg

elements. The Si and Mg elements were added to
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enhance the mechanical properties and modify the
chemical composition of recycled aluminum alloys.
The microstructure and mechanical properties of the
recycled aluminum alloy and recycled Al-Mg-Si alloy
were systematically studied. The role of Si and Mg on
the changes in the microstructure and mechanical

properties of the aluminum alloy were also examined.

Materials and methods

Raw materials

Used aluminum beverage cans were utilized
in this study. The chemical compositions of the can lid
and can body are shown in Table 1. The used aluminum
beverage cans were recycled in seven steps: (i) clean
the used cans with water, (ii) compress the cleaned
cans into small pieces (Figure 1(a)), (iii) put them in a
refractory crucible (Figure 1(b)), (iv) melt them in a gas
furnace (Figure 1(c)), (v) add flux to the melt to remove
impurities, (vi) pour the molten into a rectangle permanent
steel mold (with a dimension of 45 x 150 x 30 mm3),
and (vii) quench using water to room temperature. The

recycled aluminum alloy ingots were used as initial

Sunisa Khamsuk, Chantra Nakvachiratrakul and Natthaphol Chomsaeng

J Sci Technol MSU

materials. The chemical composition of the ingots was
determined using the emission spectroscopy model
Thermo ARL 3460. The results of the as-cast recycled
aluminum beverage can specimen (defined as the as-cast

recycled Al alloy) are shown in Table 2.

Figure 1 Raw materials and equipment used in this study:
(a) compressed aluminum beverage cans, (b) refractory
crucible, and (c) gas furnace.

Table 1 Chemical composition of the can body and lid used in this study (wt.%).
Part Mg Mn Fe Si Al
Investigated from the as-cast ingot
Body 0.72 0.96 0.44 0.29 Bal.
Lid 3.51 0.34 0.25 0.10 Bal.
From the literature reviews
Body (AI3004) 1.0 1.2 Bal.
Lid (AI5182) 45 0.35 0.26 Bal.
(Alsaffar & Bdeir, 2008)
Body 4.82 0.27 0.26 Bal.
Lid 2.53 0.33 0.32 Bal.
(Risonarta et al., 2019)
Table2  Chemical composition of the as-cast recycled Al alloy (wt.%).
Mg Mn Fe Si Cu Zn Al
1.26 0.86 0.43 0.28 0.17 0.06 Bal.
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Experimental procedure

The as-cast recycled Al alloy ingot was cut into
small pieces. The magnesium powder with a purity of
99.9% and mean particle size of 177 ym was used as
a reinforced alloying element of the recycled Al alloy.
A commercial silicon powder with an average particle size
of 56 ym was also used as a reinforced alloying element.
The mixture composition in this study is reported in Table 3

The sectioned ingots were melted at 750 + 5 °C in the

Table 3

Investigation and improvement of the properties of recycled

aluminum alloy by adding Si and Mg

electrical furnace under an ambient atmosphere. Then
Mg and Si powders were added to the melt at different
amounts to improve the properties of the recycled Al
alloy and investigate the role of Mg and Si on the
evolution of the microstructure and mechanical properties
in the recycled Al alloy. Afterward, the mixture was stirred
for two minutes, cast in a preheated (550 °C) 14 mm
in diameter permanent steel mold, and then water

quenched to room temperature.

The mixture composition of Mg and Si particles reinforced the recycled Al alloy.

Element (wt.%)

Alloy

Recycled Al alloy Mg Si
Recycled Al alloy 100
Al-0.25%Si 99.75 0.25
Al-0.5%Si 99.50 0.50
Al-1.5%Mg 98.50 1.50
Al-3%Mg 97.00 3.00
Al-1.5%Mg-0.25%Si 98.25 1.50 0.25
Al-1.5%Mg-0.5%Si 98.00 1.50 0.50
Al-3%Mg-0.25%Si 96.75 3.00 0.25
Al-3%Mg-0.5%Si 96.50 3.00 0.50

Characterization and Property testing

Density analysis

The density and porosity of the as-cast recycled
Al alloy and recycled Al-Mg-Si alloy specimens were
evaluated and computed using Equations (1) and (2)
(Michailidis & Stergioudi, 2011):

m (1
Ps = v
Porosity =1 —? X100 (2)
t
Pt = PraVra + PugVug + PsiVsi 3)

where P is the density of a specimen (g/cm®) ;
m is the mass of the specimen evaluated using a digital

balance (g) ; V is the volume of the specimen computed

from its dimension (cm®) ; P, is the total theoretical density
of specimen ; P, is the theoretical density of the recycled
Al alloy, which was computed based on its chemical
composition (2.761 g/cm®) ; ng and p, are the densities
of Mg and Si (i.e., 1.7 and 2.33 g/lcm®) ; V_,V and V_

RA” Mg Si
are the volume fractions of the recycled Al alloy, Mg, and

Si elements, respectively.

Microstructural evaluation

The microstructure of the as-cast recycled Al alloy
and recycled Al-Mg-Si alloy specimens were characterized
via light optical microscopy (LOM) and using the
scanning electron microscopy (SEM) model FEI Quanta
450 equipped with an energy dispersive spectrometer
(EDS X-Max). LOM was used to examine the morphology
and distribution of the secondary phase in the casted
specimens. With SEM having a better resolution, it is
used to obtain a precise characterization of the formation

of the secondary phase during the casting process.
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The specimens for the microstructural observation were
mechanically polished using SiC paper no. 400, 600,
800, 1,000, and 1,200 grits, followed by alumina powder
particle with sizes of 0.5, 0.3, and 0.05 uym.

Mechanical properties

The hardness and tensile strength of the
specimens were evaluated using the hardness tester
equipped with a Brinell indenter model INNOVATEST
Europe BV and universal testing machine model
NRI-TS500-50B. The hardness specimens were
mechanically polished using SiC paper ranging from
400 to 1,000 grits. The hardness test was performed
on the polished surface of the specimens. A steel ball
indenter with a diameter of 2.5 mm, load of 16.25 kgf, and
dwelling time of 10 s was applied in all the specimens.
The tensile test specimens were prepared according to
the tensile test specimen standard ASTM E8, with 6 + 0.1
mm in diameter and 24 + 1 mm gauge length. A tensile
test was conducted at a constant crosshead speed of 1

mm/min under ambient temperature.

Estimation cost

In this study, the cost of a recycled Al alloy
was computed using Equation (4) (Apisithpinyo, 2006).
Five repeat experiments were conducted in each study.
The production yield of the recycled Al alloy was also

investigated by Equation (5) (Risonarta et al., 2019):

Estimation cost = DM + DL+ OH (4)
. . _ Mout
Production yield = — (5)

where DM is the direct materials cost, DL is the
direct labor cost and OH is the manufacturing overhead
cost, m is the mass of the recycled Al alloy ingot, and
mmput is the mass of the used aluminum beverage cans.
The prices of the used aluminum beverage can, liquefied
petroleum gas, and labor cost were 40 baht/kg, 21.50
baht/kg and 40 baht/h, respectively. In particular, the
OH cost in this study was computed from the main
equipment depreciation only. The gas furnace and

refractory crucible prices were 60,000 and 1,200 baht.,
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respectively. The salvage value of all equipment was
estimated as 60% of the product price. Therefore, the
overhead cost computed based on the above data was
estimated to be 30 baht/time.

Results and discussion

Density and porosity analysis

The density and porosity of the as-cast recycled
Al alloy and recycled Al-Mg-Si alloy specimens are shown
in Figure 2. It was found that the density of the as-cast

recycled Al alloy was 2.73 g/cm®

The density of the specimens decreased from
2.73 g/cm® to 2.71 g/em® when 0.25 wt.% Si powder was
added. By further increasing the Si powder content to 0.5
wt.%, the density of the specimens gradually decreased
to 2.70 g/cm®. Similar results were also observed in the
added Mg powder specimen, where the density specimen
decreased with the increase in the Mg powder content. At
0.5 wt.% Si and 3 wt.% Mg addition, the density reduced
by approximately 3% compared to the as-cast recycled Al
alloy. This is attributed to the Si and Mg having a density
(i.e., 2.33 and 1.7 g/cm®) lower than that of the as-cast
recycled Al alloy (2.73 g/cm®). Hence, the addition of Si
and Mg powders caused a decrease in the recycled Al
alloy density. The porosity results in Figure 2 also reveal
that the porosity of the specimens tended to increase
when Si and Mg powders were added. With the addition
of 1.5 and 3 wt.% Mg powders, the porosity rose from
1.27% to 1.74% and 2.13%, respectively. The increasing
porosity in the recycled Al-Mg-Si specimen may cause
by the fabrication method (Khamsuk et al., 2020) and the
rise of Mg and Si powder content. In this study, a stirring
process was used to mix magnesium and silicon powders
in molten recycled Al alloy to disperse those alloying
powders evenly in the specimen. This process generally
creates gas bubbles in the melt, those bubbles might get
trapped in the specimen and become a pore. Meanwhile,
the addition of Mg and Si powder in recycled Al alloy
casting also caused gas bubbles and enhanced
hydrogen solubility in the molten recycled Al alloy
(Jang et al., 2019). So, the amount of porosity in the
specimen increased with increasing the Mg and Si

powder content.
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Figure 2 Density and porosity of the as-cast recycled
Al alloy and recycled Al-Mg-Si at different Si
and Mg contents.

Microstructural observation

The microstructures of the as-cast recycled Al
alloy and recycled Al-Mg-Si alloy at different amounts of
Si and Mg content specimens are shown in Figure 3. The
as-cast recycled Al alloy specimen consisted of a dendrite
microstructure and secondary phases localized at the
dendrite boundary (Figure 3(a)). With the addition of 0.25
wt.% Si, the grain size of the specimens decreased (Figure
3(b)). By increasing the Si content to 0.5 wt.%, grain size
gradually decreased and dark particle secondary phase
was observed (Figure 3(c)). The microstructure of the

recycled Al alloy obviously changed when Mg powders

(a) | (b)

(d) (e)
100 um

(9) (h)
1(&@1

Figure 3 Microstructure of (a) the as-cast recycled
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were added (Figure 3(d)-(i)). With the addition of 1.5
wt.% Mg, the specimen had a finer and higher volume
fraction in the secondary phase (Figure 3 (d)) compared
to those in the non-Mg added Al alloy specimen (Figure
3(a)-(c)). Furthermore, the secondary phase was homoge-
neously distributed throughout the specimen. Figure 3(e)
and (f) show that the volume fraction of the secondary
phases in the Al-0.25%Si-1.5%Mg and Al-0.5%Si-1.5%Mg
specimens were higher than that of the Al-1.5%Mg
specimens (Figure 3(d)). With the future increase of
the Mg content to 3 wt.%, the size of the second phase
became finer and more abundant. The results indicated
that the addition of Mg and Si led to refining the recycled
Al alloy structure and increased the amount of fine second
phases. Birol (2012) has also found a similar result: a
coarse grain structure of an Al-Mg alloy ingot completely
transformed to a fine grain structure when 2 wt.% Mg was
added. This result is attributed to the addition of Mg and
Si powder reducing the solidification interval and solute
atoms inhibit a grain boundary motion resulting in a fine
grain (Birol, 2012). The increase in the secondary phase
may be due to an increase in the interaction between the
added Mg and Si and alloying elements in the recycled
Al alloy. The morphology and chemical compounds of the

secondary phase were studied using SEM.

ae (o)
k& Seconda/phase :
3D

100 pm

(f)
100 ym 190 ym

: (0]
i ’, 7
$100 ym 100 ym

Al alloy, (b) Al-0.25%Si, (c) Al-0.5%Si, (d) Al-1.5%Mg,

(e) Al-1.5%Mg-0.25%Si, (f) Al-1.5%Mg-0.5%Si, (g) Al-3%Mg, (h) Al-3%Mg-0.25%Si, and (i) Al-3%Mg-0.5%Si specimens.
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The SEM micrographs of the as-cast recycled Al
alloy and recycled Al-Mg-Si alloy at different Si and Mg
contents are shown in Figure 4. Figure 4 (a) shows that
the as-cast recycled Al alloy specimen is composed of four
different secondary phases (i.e., a light particle (indicated

by a white dotted circle-1), long light particle (circled-2),
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Chinese-script (circled-3), and dark particle (circle-4))
distributed in the Al alloy solid solution. The microstructures
of the specimens examined via SEM were similar to the
LOM observation results. The volume fraction of the fine
secondary phases increased with increasing Si and Mg
contents.

Figure 4 SEM micrograph of (a) the as-cast recycled Al alloy, (b) Al-0.25%Si, (c) Al-0.5%Si, (d) Al-1.5%Mg,
(e) Al-1.5%Mg-0.25%Si, (f) Al-1.5%Mg-0.5%Si, (g) Al-3%Mg, (h) Al-3%Mg-0.25%Si, and (i) Al-3%Mg-0.5%Si specimens.

The EDS analysis indicated that the secondary
phase in the white dotted circle-1 was an intermetallic
AI1gFe3SiMn phase (Figure 5 (a)), the long light particle
was an intermetallic AlssFeBSiMn phase (Figure 5 (b)), the
Chinese-script particle was an AIHFeZMn phase (Figure
5 (c)), and the dark particle was an AI19(MQZSi) phase

(Figure 5 (d)). The chemical composition of the recycled

Al alloy solid solution phase was also identified. The
Al alloy phase consisted of 1.0 wt.% Mg and 0.7 wt.%
Mn (Figure 5 (e)). This result is well consistent with the
analytical results of spectrometer in Table 2. It is
also clearly seen from Figure 4 that the intermetallic
AI19(MQZSi) phase increased with the increasing Mg and Si

contents.
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Figure 5 EDS analysis of the casted Al alloy at (a) light particle (AlsaFeasiMn), (b) light long particle (AIﬂFezMn),

(c) Chinese-script particle (AIMFeZMn), (d) dark particle (AI19(MQZSi)), and (e) solid solution position.

Hardness and tensile testing

The hardness values obtained from the as-cast
recycled Al alloy and recycled Al-Mg-Si alloy at different
Si and Mg contents specimens are shown in Figure 6. The
hardness values of the recycled aluminum beverage cans
mixed with 2 wt.% Mg powder (Hayyawi et al., 2016) and
similar chemical composition materials (Li et al., 2016,
Alizadeh et al., 2022) are also plotted in Figure 6 for
comparison. The as-cast recycled Al alloy ingot obtained
by recycling from used aluminum beverage cans under
this production condition has a hardness of approximately
40.67 = 2 HB. When the Si contents were 0.25 and 0.5
wt.%, the hardness of the Al alloys increased to 44.03 and
47.15 HB, respectively. The hardness of the specimens
increased to 50.67 and 55.36 HB when 1.5 and 3 wt.%
Mg was added, respectively. With the addition of both
alloying elements, the hardness of the recycled Al alloys
was raised, and a hardness of 59.60 HB was obtained in
the Al-3%Mg-0.5%Si specimens. It was also found in this
study that the hardness value of the Al-3%Mg-025%Si
specimen is comparable to that of a casted Al5083
alloy (Alizadeh et al., 2022). These results revealed that

an Al alloy produced by recycling used beverage cans

could improve its chemical composition and hardness
to be comparable to AI5083 by the addition of Si and
Mg. These results also indicate that the addition of Si
and Mg enhanced the hardness of the recycled Al alloy.
The result obtained was similar to research works done
by other researchers using Mg as an additional alloying
element in aluminum alloy casting manufacturing (Simsek
& (")zy[]rek, 2019, Li et al., 2016).

Figure 7 showed the ultimate tensile strength and
elongation of the as-casted recycled Al alloy and recycled
Al-Mg-Si alloy at different amounts of Si and Mg contents.
The as-casted recycled Al alloy has an approximately
ultimate tensile strength of 77.72 + 8 MPa. The tensile
strength increased with increasing Si and Mg contents.
From the result of Figure 7, it could be observed that the
addition of 0.5 wt.% Si and 3 wt.% Mg powders improve
the ultimate tensile strength of the Al alloy to 129.78 £ 5
MPa. The tensile test results are well consistent with those
of the hardness properties. Meanwhile, the elongation of
the recycled Al alloy decreased with increasing amount

of the Si and Mg contents.
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where M stands for the Taylor factor, F is the
secondary phase strength, f is the volume fraction of
the secondary phase, b is the Burgers vector, r is the

precipitate radius, ky is the Hall-Petch slope, and is the

The addition of Si and Mg alloying elements
led to an increase in the volume fraction of the fine
secondary phase and reduced the grain size which

resulted in improving the strength of the recycled
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Figure 6 Hardness of the as-cast Al alloy and recycled
Al-Mg-Si alloy plotted as a function of the Mg content.
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Figure 7 Ultimate tensile strength of the as-cast Al alloy
and recycled Al-Mg-Si alloy plotted as a function of Mg
content.

The enhanced strength of the recycled Al alloy
was caused by the addition of Mg and Si contents leading
to the acceleration of the intermetallic phase refinement,
raised volume fraction of intermetallic phases and formation
of fine grain structure in the specimen. In particular, those
that presented intermetallic phases and grain boundary
inhibited dislocation motion. The increase in the
strength can also be explained by the secondary phase
strengthening (OSP) and grain size reduction strengthening
(Ogb) mechanisms in Equation 6-7 (Esmaeili et al.,
2013):

G = Gopt Oy (6)

MFE(F)2
o = MFD
br

tkyd 12 (7)

Estimation cost

In this study, the used aluminum beverage cans
were melted in a refractory crucible with a 12 cm diameter
and 17 cm height using a gas furnace (25 cm in diameter
and 45 cm in height) under a melting temperature of 900
+ 50 °C. Each cycle of the recycling process used 8 +
0.1 kgs of used aluminum beverage cans and 6.8-7.4
kgs of liquefied petroleum gas. The production cost of
the recycled Al alloy ingot was 156-168 baht/kg. which is
compatible with the estimated Al recycling cost reported
by Zeng et al. (2022). Recycling one ton of aluminum
requires approximately 435-3,802 USD. However, it
should be noted here that the raw material cost, labor
cost, and overhead cost in the USA is significantly higher
than in Thailand. Hence, the production cost in this study
is relatively high. This condition is ascribed to the recycling
process in this study, which is a small-scale production,
resulting in high costs, and the main cost was the labor
cost. The production yield obtained from the recycled
aluminum beverage cans was 53%-55%. The recycling
yield was slightly low. This may be due to the cans
containing high impurity content such as paint coatings,
aluminum oxide, and alloying elements. Furthermore,
the recycling process was carried out under ambient air
which caused the formation of aluminum oxide on the
molten surface in large quantities. The production yield
might probably be enhanced by controlling the recycling
atmosphere condition and removing the paint coatings

prior melting process.

Conclusions
The used aluminum beverage cans were

recycled using a gas furnace. The properties of the as-cast



Vol 42. No 5, September-October 2023

recycled Al alloy were systematically investigated. Si and
Mg powders were used to improve the properties of the
recycled Al alloy. The evolution of the microstructure and
mechanical properties of the recycled Al alloys at different
Si and Mg contents were investigated. The conclusions

can be summarized as follows:

1. The recycled Al alloy ingot mainly contained
1.26 wt.% Mg and 0.86 wt.% Mn and had a tensile strength
of approximately 77 MPa. The microstructure of the ingot
composed of AI19(FeSSiMn), AIBS(FessiMn), AIﬂ(FezMn),
and AI19(M928i) phases distributed in the Al-Mg solid

solution.

2. The microstructure greatly changed when
1.5 wt.% Mg was added to the recycled Al alloy. The
volume fraction of the fine secondary phases increased
with increasing Mg and Si contents. The amount of the
AI19(M928i) secondary phase raised with increasing
alloying elements. The addition of Mg and Si enhanced

the grain refinement in the recycled Al alloy.

3. The tensile strength and hardness of the
recycled Al alloy specimens increased with increasing Mg
and Si contents. The hardness increased by approximately
46% when 3 wt.% Mg and 0.5 wt.% Si were added.

4. The estimated cost and production yield of the
recycled Al alloy from the used aluminum beverage cans
were 156 - 168 baht/kg and 53% - 55%.
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Abstract

Removal of manganese in contaminated groundwater using filtration is one of the most treatment systems.
The objective of this research was to study the efficiency of fixed-bed adsorption column using eucalyptus biochar
and potassium permanganate-modified eucalyptus biochar as filter media to remove manganese from groundwater.
The initial manganese concentration of 0.723 + 0.002 mg/L was continuously fed to the top of column at a flow rate
of 5 L/d. Water samples were collected periodically within 24 hours. Thomas and Yoon-Nelson models were used to
describe the adsorption performance. Results showed that adsorption capacity of eucalyptus biochar was 1.812 mg/g
higher than that of modified eucalyptus biochar (0.769 mg/g) as it has higher iodine number. The adsorption times
at 50% breakthrough of eucalyptus biochar and modified eucalyptus biochar were 1,020 minutes and 240 minutes,
respectively, which were consistent with the Yoon-Nelson model. Use of EB and MEB as local filter media can reduce

the cost of improving community water quality.

Keywords: Biochar filter, manganese, fixed-bed column, groundwater, eucalyptus

ﬂaﬂammﬂiﬂanmu’maau ﬂmeﬂ\N’]uﬁ\‘iLL'JG]NEJ&JLLQJJNG] &I‘V\’]’J‘ﬂEI’]M_ImﬂIuINUWSJ]?J&ILﬂa’]ﬁuUE n3Inng 10140
ﬂa&J’J’«JUﬂ’ﬁ%ﬂﬂ’ﬁﬁ\iLL’Jﬂa@&lLLa“‘WaN’]%LWﬂ‘H&J‘ﬁ%LLﬂ msmﬂwmnm &I‘W]’J‘YIEJ’]E‘]ULYIﬂIuIaFJWS”’«JEJ&JLﬂa’]ﬁ%‘U‘J ﬂSGL‘Y]W“ﬂ 10140
R G R R EAGHE (Rl E ETIJJ’HW Madriadl amednenmaas &l%’]’l“(lEJ”IEQEJLYIﬂI%IaEJWL?JE]&ILﬂaWﬁ‘LLlﬁ ﬂEdLYIW“ﬂ 10140
Environmental Technology Program, School of Energy, Environment and Materials, King Mongkut's University of Technology Thonburi,
Bangkok, 10140 Thailand

Environmental and Energy Management for Community and Circular Economy (EEC&C) Research Group,

King Mongkut’s University of Technology Thonburi, Bangkok, 10140 Thailand

Chemistry for Green Society and Healthy Research Group (ChGSH), Department of Chemistry, Faculty of Science,

King Mongkut's University of Technology Thonburi, Bangkok, 10140 Thailand

" Corresponding author Email: arachaporn.wi@mail.kmutt.ac.th

N

©

N

©



Vol 42. No 5, September-October 2023

Introduction

Groundwater represents 97% of the world’s available
freshwater resources (Guppy et al.,, 2018). It is used
widely, especially in developing countries in Asia such
as Thailand. People in the northeastern region use
groundwater because most areas are not in the service
area of the Provincial Waterworks Authority. Groundwater
quality is dependent on geologic conditions and human
activities. Groundwater resources can be contaminated
naturally by salt intrusion, and human activities via
agriculture practices, and heavy metal contamination from
industries (Vesselinov ef al., 2018). In the Chi and Mun
river basins, groundwater has iron, manganese, sulfate
and fluoride concentrations exceeding the maximum
allowable limits of groundwater standards for drinking
water. In some areas of Ubon Ratchathani Province,
there are high iron and manganese concentrations in
groundwater more than 1 mg/L (Department of
Groundwater Resources, 2022). Manganese in groundwater
is found as the dissolved form of manganese bicarbonate
(Mn(HCO3)2). As groundwater is exposed to air, the
dissolved form is oxidized to dark brown insoluble
manganese (Mn(1V)) (Henry & Heinke, 1989). This causes
the appearance in stored water of a black sediment from
manganese, causing stains to sanitary equipment and
which may also affect health due to it being a chronic
toxin (Rahman et al., 2021 ; Schullehner et al., 2020 ;
Tay et al., 2018).

Manganese could be removed by physical,
chemical, biological and physicochemical processes (Patil
et al., 2016). The common and popular methods are the
physical processes of adsorption and filtration. Activated
carbon is most frequently used as solid adsorbent because
it is a very effective adsorbent in various applications
(Yin et al., 2007). The high surface areas and functional
groups of activated carbon could remove Mn(ll) from
water (Chen ef al., 1996). Previous research has used a
variety of adsorbents such as activated carbon derived
from Ziziphus spina-christi seeds (Omri & Benzina, 2012),
kaolin (Yavuz et al., 2003), manganese oxide-coated
zeolite (Alvarez-Bastida et al., 2018) and greensand
or manganese oxide-coated sand (Benis et al., 2020).
Potassium permanganate (KMnO4) is an oxidizing agent.

It has been reported to be an efficient oxidant to achieve
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manganese removal of 96% from groundwater (Menard
& Demopoulos, 2007). Thus, KMnO4 is widely used as
a material coating on adsorbents. Most conventional
wastewater treatment plants use manganese oxide-coated
media to remove soluble manganese and then subsequent
oxidation by free chlorine to MnOx(s) (Hargette & Knocke,
2001). The filtration method is suitable for rural areas to
remove heavy metals and odorous compounds before
the distribution system. The filtration process in the
community normally uses a combination of sand,
anthracite or activated carbon as filter media. The problem
encountered with rural filtration systems is the excessive
cost of filter media. Thus, biochar can be an alternative
low-cost filter media for heavy metal removal. Previous
studies have reported the use of biochars for manganese
removal in batch experiments with, for example, poultry
manure and farmyard manure-derived biochar (Idrees
et al., 2018), palm waste-derived biochar (Fseha & Yildiz,
2022), and biochar made banana peel and acid-modified
banana peel (Kim et al., 2020). However, limited
documentation is available for heavy metal removal using

real groundwater in column studies.

Eucalyptus is an economic crop in Thailand
because it is a fast-growing plant, widely cultivated for
a variety of uses. Eucalyptus branches are highly
productive as charcoal and have low cost. In addition,
eucalyptus biochar (EB) has been used as an adsorbent
for lead removal in aqueous solution (Singh & Arora,
2018) and manganese in groundwater (Wilamas et al.,
2022). Activated carbon derived from eucalyptus was
reported as effective for removal of cadmium (Venkatesan
& Rajam, 2014). However, the removal of manganese in
groundwater by eucalyptus biochar filter including modified
surface-biochar by KMnO4. has not been reported in any
specific studies. Thus, this research used eucalyptus
to produce biochar and its surface modification for
manganese removal from groundwater. The objectives
were to determine the efficiency of fixed-bed
adsorption columns filled with eucalyptus biochar and
modified eucalyptus biochar (MEB) for manganese
removal from groundwater and use of the Thomas and
Yoon-Nelson models for prediction of the adsorption

performance.
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Materials and methods

1. Preparations of filter media

Eucalyptus biochar was produced using ground
pits. The eucalyptus branches were cut to a length of 50
cm and put in a hole dug in the ground (60 X 90 cm).
Then, it was covered and burnt slowly with limited of
oxygen on the top using auxiliary fuel (wood chips) for
6 hours. The temperature was between 400 - 500 °C.
After being cooled, EB biochar was crushed and sieved
to obtain a uniform size range of 2.0-3.0 mm and used
as filter media (Figure 1a). To make the MEB (Figure
1b), the modification method was adapted from Taffarel
and Rubio (2009) and Xuwen et al. (2010). EB (100 g)
was placed in a 1000 ml beaker containing 500 ml of 5%
(wiv) KMnO4 solution prepared from KMnO4 (AR grade,
Qrec, New Zealand), then the mixture was heated at 90
°C, and stirred for 1 hour. The mixture was then filtered
to separate MEB, which was washed with tap water until
the rinsed water was colorless. MEB was dried in an
oven at 60 °C for 6 hours. Two commercial adsorbents,
activated carbon (AC) (Figure 1c) and manganese green
sand (Mn-G) (Figure 1d), were bought from a domestic
supplier (J.L. Intertrade Co., Ltd.).

(d)

Figure 1 Filter media: (a) eucalyptus biochar (EB),
(b) modified eucalyptus biochar (MEB), (c) activated
carbon (AC) and (d) manganese green sand.
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Adsorbents were tested for adsorption
capacity using the standard iodine adsorption method
(ASTM D46070). Elemental analysis of adsorbent
materials using a Rigaku ZSX Primus model, Wavelength
Dispersive X-Ray Fluorescence Spectrometer (WDXRF),
Model Rigaku ZSX Primus, Japan. Adsorbents were
determined for the external surface structural
morphology by scanning electron microscopy (SEM),
JEOL Model JSM-7610F Plus.

2. The quality of groundwater

Groundwater was collected from a residential
area in NonNhon subdistrict, Warinchamrap district, Ubon
Ratchathani province. The pH of groundwater was in the
range of 6.78 + 0.12, Iron and manganese concentrations
of 0.354 + 0.022 mg/L and 0.723 + 0.002 mg/L,
respectively. Mn concentrations were higher than
the maximum allowable concentration of 0.3 mg/L,
groundwater quality for drinking purpose in Thailand. The
total hardness was 420 + 0.5 mg/L as CaC03 which was

classified as ‘very hard’ (Saha et al., 2019).

3. Column adsorption set up

The filter column for manganese removal was
set up using four types of filter media, consisting of EB,
MEB, AC and MnG, which were run in duplicate. The
size of glass column was 1 cm inner diameter and 76 cm
height. The fiter media were boiled in tap water for 20
minutes to remove entrapped air in the pores (Ferrara,
1980). Then, 10 g of either EB, MEB, AC or 40 g of MnG
were individually packed into a column to a height of 50
cm (Figure 2). The groundwater was continuously fed
into the top of the column at a flow rate of 5 L/d. Water
samples were collected at delignated time (every hour
for 24 hours) for Mn analysis. The breakthrough curve
was plotted between the ratio of remaining manganese
concentrations at various times and initial manganese

concentration (Mn/MnO) and times.
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Figure 2 Schematic of filter column system

4. Mathematical models

The general mathematical equations for
describing adsorption columns are Thomas and
Yoon-Nelson models, which provide widely used
theoretical methods to describe column performance
(Chen et al., 2012). The assumption of the Thomas
model is based on the Langmuir kinetics of adsorption-
desorption with no axial dispersion. The rate driving force
obeys second-order reversible reaction kinetics (Ayoob
& Gupta, 2007). The model is described in Equation 1.

ln%_1=kﬂl%_k'rh(:0 t, (1)
t

where C,, C are initial Mn concentration and
concentration at time ¢ (mg/L), respectively. k,, is a
Thomas constant (mL/min.mg), ¢ is the total flow time
(min), and Q is the volumetric flow rate (mL/min).
Adsorption capacity and mass of the adsorbent are
denoted as g, (mg/g) and m (g), respectively. Plot of

lni—‘: — 1 versus ¢ gives the value of k,, and ¢,
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The Yoon-Nelson model is a simple model
which does not require explicitly elaborated information.
50% of the breakthrough time can be predicted from the
equation as expressed in Equation 2. (Yoon and Nelson,
1984).

Ct
Co—Ct

In = kynt — Thyy, 2)

The value of k, was calculated from the slope
Ce

by plotting the graph between [n and t. Where,
0-%4t
k,, is the rate constant (mn™), is time required for 50%

adsorbate breakthrough (min) and ¢ is time (min).

5. Analysis and characterization

Water samples were acidified with nitric acid
(pH < 2) after collection and then digested by nitric acid
using microwave digestion. The digested samples were
filtered through filter paper (Whatman no.42) and were
analyzed for manganese concentration using inductively
coupled plasma-optical emission spectrometry (ICP-OES,
model Optima 8000, Germany). The average of duplicate

data is reported for each column.

Results and discussion

1. Characterizations of the adsorbent

The iodine number of EB, AC, MEB and MnG
was 152.42, 271.96, 174.67, 6.14 mg/g, respectively,
indicating a low number of pores of MnG. Results from
WDXRF revealed that there were Mn in EB, AC, MEB and
MnG of 2.11, not detected, 69.1, and 8.61%, respectively.
MEB had high Mn content after modification by KMnO4
showing that insoluble manganese oxide (MnOx(s)) was

successfully coated onto the EB surfaces.

The external surface structure morphology
images before adsorption are shown in Figure 3. The
images show that there were pores on the surface of
adsorbents, indicating their porosity. The main factors that
affect adsorption capacity are particle size, pore diameter,

and specific surface area (Wang et al., 2010).
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Figure 3 SEM images: (a) eucalyptus biochar (EB),
(b) modified eucalyptus biochar (MEB), (c) activated
carbon (AC) and (d) manganese green sand.

2. Manganese removal

Manganese removal efficiency from each column
ranged from 46.11-63.67%, 30.70-58.72%, 53.29-88.01%
and 56.70-68.27%, for EB, MEB, AC and MnG,
respectively at 1,440 min (Figure 4). 50% removal of
manganese was achieved at for EB, MEB, AC, and MnG
at 1,020, 240, 1,140 and 660 min, respectively. Mn(ll)
was removed by complexation or electrostatic attraction
of metal ions to various surface oxygen-containing
functional groups in EB (Wilamas et al., 2022) and AC
(Yin et al., 2007, Omri & Benzina, 2012). MnG can be
used to remove soluble Mn(ll) in filters via sorption and
oxidation. MnOX(s) on filter media surfaces of MEB and
MnG could oxidize Mn(ll) rapidly and Mn(ll) was also
removed via adsorption until all available adsorption
sites were occupied (Knocke et al. 1990). According to
research on the removal of Mn using MnG, which has a
MnOX coating liked MEB on the filter surface.

100 ——AC

80

60

40

Mn removal %

20

0 250 500 750 1000 1250 1500

Time (min)

Figure 4 The efficiency of manganese removal
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The breakthrough curve of each column was
determined by plotting the ratio of Mn/Mn0 against time

as shown in Figure 5.

.
12 L
1
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s . 4
s 06 420 s * A
= A ° 84,400, a9
AC
0.4 .'® s
+ EB
MEB
0.2 ®
MnG
0
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Time (min)

Figure 5 Breakthrough curve

The Mn/Mn0 ratios for all filter media except MEB
did not achieve 0.95 until 5,000 min whereas the Mn/Mn0
values of MEB were higher than 0.95 at 240 min and
followed by MnG at 540 min. of EB was highest at 1,020
min. However, MEB and MnG filters gave high removal
efficiencies during the initial period (0-240 min), due to
the vacant surfaces of these adsorbents occurring in
Mn(IV) oxide (MnOz) form. Mn*in groundwater is adsorbed
on the surface of adsorbent, as shown in Equation 4.
(Letterman, 1999).

Mn?*+ MnO, (s)—»MnO,(s) - Mn?* (4)

The breakthrough curve enabled determination
of the breakthrough time (z,). The amount adsorbed at
breakthrough time is g,. The length of the unused bed at
breakthrough (L, ) is determined by equation 3 (Gabelman,
2017).

tp
- ;>, (3)

Ly, = L(
where, L is the total bed length (cm), 7 is the

midpoint of the real S-shaped breakthrough curve.

However, the maximum allowable Mn
concentration for drinking purpose is 0.3 mg/L, thus this
present study used the 50% breakthrough time, as shown
in Table 1.
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Table1  The constant values from the breakthrough
graph.
Filter L L L, 9
media (min) (min) (cm) (mglg)
EB 1,020 1,938 23.68 1.278
MEB 240 300 10.00 0.342
AC 900 2,166 29.22 1.233
MnG 540 1,254 28.47 0.169

Table 2 shows the constant values of Yoon
and Nelson model and Thomas model. The adsorption
capabilities predicted by the Thomas model were in good
agreement with the experimental results. The correlation
coefficient (R?) ranged from 0.8717 to 0.9709, indicating
the best fit of the model with the experimental
breakthrough curve. The Thomas model is suitable to
describe the adsorption of manganese onto the filter media
and aid in the design of columns with the best parameters.
From this present study, the value of the Thomas constant
(k,,) of MEB was the highest, followed by MnG, which
corresponds to the highest removal efficiencies of

manganese during the initial period.

From the Yoon-Nelson model, () the time of 50%
adsorbed breakthroughs, was consistent with the time of
the experiment (t”p). The R? values were relatively high
(0.8197-0.9709), indicating that this model was effective

at forecasting breakthrough time.

In this study, it was revealed that manganese
had limited removal efficiency via its adsorption onto the
adsorbent medium. The Mn removal was effective at
alkaline pH values. According to Lefkowitz et al. (2013),
dissolved Mn(ll) is oxidized to insoluble forms of Mn(lll)
and Mn(IV) and then physically separated by filtration. Due
to different removal mechanisms, EB and AC had a longer
breakthrough time than MEB and MnG. The iodine number

was high in EB and AC indicating adsorption into pores.

Adsorption performance of eucalyptus biochar fixed-bed column for

manganese removal from groundwater

SEM pore size images of EB and AC confirmed pore size
to be a factor in manganese adsorption. Furthermore, from
the result of Fourier transform Infrared spectroscopy by
Wilamas et al. (2022) reported the Mn adsorption by EB

surfaces at the hydroxyl functional group.

It was found that the initial manganese removal
efficiency of MEB and MnG was high, due to the oxidation
and adsorption processes during first 120 min. MEB could
not remove Mn after 250 min. This can be explained if the
excess Mn on the MEB surfaces was leached out as the
groundwater had a low Mn concentration of 0.723 mg/L.
It can be seen from WDXRF that Mn content in MEB was
8 times that of MnG. In addition, the removal performance
of adsorbents depends on adsorption conditions such as
pH, Mn concentration and adsorbent dosage. It is recom-
mended to use low amounts of MEB and MnG in the filter
column as Mn may desorb in the case of the groundwater
having a low Mn concentration. Biochar filters should be
backwashed according to breakthrough time to remove
the accumulated fine particles. However, spent biochar
cannot be reused because its surface functional groups
area was occupied via chemical adsorption (Wilamas
et al., 2022). Thus, the combination with AC or EB filter

media could enhance manganese removal efficiency.

The cost of the commercial grade of AC, MnG
and KMnO4 ranges from 95-120, 200-250 and 180 - 250
Baht /kg. The EB cost is 7.5 Baht/kg, while MEB cost is
8.13 Baht/kg. Thus, in comparison to MnG, EB should be
developed further by using a smaller amount. In addition,
use of these local materials can reduce the cost of water

treatment for the community.

The literature-reported adsorption capacities (q)
of Mn(ll) onto EB and MEB were compared with those of
other filter media, and the results are displayed in Table
3. According to the table, although EB and MEB could
remove manganese, their efficiency was dependent on

operating conditions.
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Table 2  Parameters of Thomas and Yoon-Nelson models under column adsorption process.
Thomas Model Yoon-Nelson Model
Filter media M(@  QmL/min) ky, 4, R? Ky - T R?
mL/min. mg mg/g (min™) (min) (min)
AC 10 34.72 0.830 2.3383 0.9613 0.0005 1140 1205 0.8334
EB 10 34.72 0.968 1.8124 0.8717 0.0005 1020 1149 0.8197
MEB 10 34.72 4.426 0.7692 0.9709 0.0032 240 306 0.9709
MnG 40 34.72 2.490 0.6470 0.9029 0.0019 660 918 0.7960
Table 3  Comparison of Mn(ll) adsorption capacity with other filter media.
Experimental Conditions Thomas model
Flow Initial
K q Removal
Media rate Mn th ° . Reference
Type of water pH R? efficiency
mL/min.
mL/min  mg/L mgl/g
mg
. . . (Fseha &
Palm waste-derived biochar  synthetic groundwater 6 5 5 0.16 3.61 0.86 73.20% o
Yildiz, 2022).
Tea leaves-derived char synthetic water (Akbari Zadeh
) . 7.9 10 5 0.0010 70.4 0.98 78.13%
(nano-biosorbents) solutions et al., 2022)
Rice straw-derived char synthetic water (Akbari Zadeh
7.9 10 5 0.0011 203.58 0.9 92.01%
(nano-biosorbents) solutions et al., 2022)
EB groundwater 6.78 3.47 0.723 0.968 1.812 0.8717 63.67% This study
MEB groundwater 6.78 3.47 0.723 4.426 0.769  0.9709 58.72%  This study

Conclusions

This study evaluated the efficiency of fixed-bed
adsorption columns using EB and MEB as filter media
to remove manganese from actual groundwater. The
results revealed that EB and MEB can be used as filter
media. The manganese removal efficiency in EB and
MEB were 63.67% and 58.72%, respectively, with the Mn
concentration within the acceptable range at 0.3 mg/L.
Both types of filters were equivalent to AC (88.01%) and
MnG (68.27%). In addition, application with groundwater
having different concentrations of manganese needs to

be studied on a case-by-case basis.
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Abstract

This research aimed to 1) study on the hues of cotton fabric dyed with Sappan Wood and natural mordants and
2) develop home textile products by applying cotton fabric dyed with Sappan Wood and natural mordants. The hues
were measured as color strength (K/S) on the cotton fabric after dyeing using three methods. 1) pre-mordant method,
2) simultaneous mordant method and 3) post-mordant method using natural mordants in the process. And also when
Sappan Wood was dyed dyeing without any mordants. Product development was started by considering the variety
of fabric hues after dyeing, leading to the design and sewing of product prototypes used to evaluate the quality from
experts and then to improve it to achieve a quality product prototype. For data analysis, descriptive statistics were

used to analyze the K/S values on cotton dyed under all conditions. We also investigated the mean (X) and standard
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deviation (S.D.) of consumer satisfaction with the product prototype. We found that dyeing cotton fabric with only
Sappan Wood results in a brown-orange hue (the average of K/S is 1.17) while using acid mordants (Sompoi pod
juice and Tamarin juice) produced a brown-yellow hue with the highest K/S value between 0.62 and 1.49. Using
alkaline mordants (Lime water and Ash water) yielded a purple-pink-red hue with the highest K/S value of 1.18, and
the lowest of 0.39. Overall, color fastness to washing was moderate-good. The color fastness to rubbing in both wet
and dry conditions was a minimal amount of color stain on standard cotton cloth. However, the color fastness to light
was the lowest. The prototypes of five pillows were designed using the patchwork technique. Fifty samples had total
satisfaction of 4.17 at a high level. In this regard, the product prototypes were applied to be transferred to the target
community enterprises with a workshop on sewing pillows by using cotton fabric dyed with Sappan Wood and natural
mordants as the main material. The target group can apply the from our studies of product design, the fabric hue
selection, principles, and methods of tailoring the patchwork technique to have quality and be able to extend their

product to be demanded in the green market.

Keywords: Home textile product, Sappan Wood dye aqueous, natural mordants, cotton fabric dyed with natural
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Table 1

Development of home textile products from cotton fabric dyed

with sappan wood
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The hue and K/S value of cotton fabric dyeing with Sappan Wood and different types of natural mordants

Type of natural mordants

Mordant
Dyeing method No mordant  concentration .
Sompoi
(% wiv) .
pod juice

Lime Ash
water

Tamarin

juice water

e

Pre mordanting

Simultaneous

B

mordanting

Post mordanting - 3

The picture in table showed the hue of dyed cotton fabric and value on each picture as K/S of dyed cotton fabric
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Color fastness of the dyeing cotton obtained from pre-mordanting method with using different mordants

wash fastness

rub fastness light fastness

type of mordant staining on staining on  staining on color warp weft
color change
cotton nylon PET change dry wet dry wet
No mordant (control) 3-4 3 3 3 4-5 4 4-5 4 15
Sompoi pod juice 4-5 3 3 4-5 4-5 4 4-5 4 1.0
Tamarin juice 4-5 4-5 5 4-5 4-5 4 4-5 4 1.5
Lime water 4-5 5 5 4-5 4-5 4 4-5 4 1.0
Ash water 3-4 3 4-5 3-4 4-5 4-5 4-5 4-5 1.0

Grey scale rating: 5 = No color staining, 4 = Slightly color staining, 3 = Noticeable color staining, 2 = Considerable color staining,

1 = Excessive color staining
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Figure 1 Sketch design of the pillow set
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Table 3  Average value (X) and Standard division value (S.D.) of the target group’s satisfaction to the pillows

n=50
Pillow’s style Details of satisfaction = S.D. level
1. The Pattern is suitable for the home textile products of the type of pillow 4.00+0.82 good
The 1 2. The model represents environmentally friendly products 4.12+0.78 good
3. The style is modern and innovative or unique 4.31£0.68  Very good
4. The cushion form and size are suitable for use 4.24+0.69  Very good
5. The tailoring is exquisite 4.12+0.63 good
6. The use of materials, colors and patterns are appropriate for modern times 4.10£0.71 good
7. The production technique is suitable for home textile products such as pillow 4.10£0.71 good
8. Overall satisfaction with the style 4.24+0.69  Very good
total 4.15+0.71 good
1. The Pattern is suitable for the home textile products of the type of pillow 4.04+0.81 good
2. The model represents environmentally friendly products 4.14£0.79 good
3. The style is modern and innovative or unique 4.31+0.65  Very good
4. The cushion form and size are suitable for use 4.22+0.62  Very good
5. The tailoring is exquisite 4.1610.77 good
6. The use of materials, colors and patterns are appropriate for modern times 4.12+0.72 good
7. The production technique is suitable for home textile products such as pillow 3.9810.85 good
8. Overall satisfaction with the style 4.04+0.68 good
total 4.13x0.74 good
1. The Pattern is suitable for the home textile products of the type of pillow 4.29+0.94  Very good
2. The model represents environmentally friendly products 4.14+0.82 good
3. The style is modern and innovative or unique 4.24+0.56  Very good
4. The cushion form and size are suitable for use 4.31£0.58  Very good
5. The tailoring is exquisite 4.35£t0.60  Very good
6. The use of materials, colors and patterns are appropriate for modern times 4.49+0.58  Very good
7. The production technique is suitable for home textile products such as pillow 4.3120.62  Very good
8. Overall satisfaction with the style 4.21+0.43  Very good
total 4.27x0.64 Very good
1. The Pattern is suitable for the home textile products of the type of pillow 4.1240.97 good
th
The 4 2. The model represents environmentally friendly products 4.10+0.82 good
3. The style is modern and innovative or unique 4.14£0.65 good
4. The cushion form and size are suitable for use 4.22+0.65  Very good
5. The tailoring is exquisite 3.81+0.60 good
6. The use of materials, colors and patterns are appropriate for modern times 4.42+0.65  Very good
7. The production technique is suitable for home textile products such as pillow 4.26+0.64  Very good

8. Overall satisfaction with the style 4.14+0.54 good




Vol 42. No 5, September-October 2023

Development of home textile products from cotton fabric dyed

with sappan wood

Table 3  Average value (X) and Standard division value (S.D.) of the target group’s satisfaction to the pillows
n=50 (cont.)

Pillow’s style Details of satisfaction = S.D. level
total 4.15+0.69 good
1. The Pattern is suitable for the home textile products of the type of pillow 4.02+0.78 good
2. The model represents environmentally friendly products 4.04£0.73 good
3. The style is modern and innovative or unique 4.02+0.63 good
4. The cushion form and size are suitable for use 4.18+0.60 good

5. The tailoring is exquisite 4.33£0.47  Very good

6. The use of materials, colors and patterns are appropriate for modern times 4.37+0.70  Very good

7. The production technique is suitable for home textile products such as pillow 4.31£0.62  Very good

8. Overall satisfaction with the style

4.10+0.55 good

total

4.17+0.64 good

Total all

4.17x0.68 good
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