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Abstract

This research involves the utilization of white sesame husks, which were agricultural waste, to
create a beneficial application. The process involves cleaning, drying, and grinding the husks into a
fine powder. Then, they employed methylene blue dye adsorption. Additionally, the study explored
isotherm adsorption using spectroscopy techniques to analyze samples. The conditions that resulted
in the maximum amount of methylene blue dye adsorption were: 0.2 g of adsorbent material; 30
mg/L of methylene blue dye; 4 hours of adsorption time; 150 rom of shaking speed; and 11 pH.
89.4%, 93.3%, 93.1%, 89.8%, and 90.2%, respectively, were the dye adsorbed percentages for these
five parameters.  This research includes a study of adsorption isotherms and employs
spectrophotometric techniques for sample analysis. As a result, the adsorption isotherm study,
correlating to Freundlich isotherm adsorption, shown the R? value of 0.93, indicating that the
adsorption occurs on a non-uniform and multilayer surface. The results of this study show that white
sesame husks can efficiently absorb methylene blue dye, which presents an opportunity to recycle

agricultural waste and possibly even give a treatment option for wastewater tainted by dye.

Keywords : White Sesame Husks; Agricultural Waste; Adsorption; Methylene Blue

* Corresponding Author. Tel.: +668 4600 7792, E-mail Address: s.jangkorn@gmail.com


mailto:s.jangkorn@gmail.com

RMUTP Research Journal Sciences and Technology, Vol. 19, No. 1 (2025) 143

1. unun

Jagdumswmuignainnssurendeula
Wwigdmidiedesingy arsiadvatgviagn
Wl lunsEUIUNTHENVBIRAAIMNTTUAINAT
Tnatanizddennldiusgrsniviaty vinliianis
Yuilauludsiinasy lnsanizunasil dnwung
2 a & o v Aw Yo
Wouwvesansivuazilulymdrdgnneslasunig
wily [1] #feumituugilassairamandl (2] wans

iugﬂﬁ 1

CH; CH,

UM 1 lassasmaaiiveauiiquug

Faduaiteuunlddendn Wy drennou
{16le wagdvudnd Wudu (3] waviduddeu
UseLnnusguan (Cationic dye) [4], [5] Lﬁagnﬂdaa
gjl,mm‘fw wdudunmerosruuiinauazdniih (6]

v & ! % a v ° v ad o w
kazgUuasNauLtIewnne [7] @vuIsn1suIun

UdggnamnssudeukIvangds W NseuIuNIg
AATU NIIANAZNBU UA¥N1TEDEARILNINYININ

]
< v ! '

WJudu [8]-{10] 910IBNNEININUIINTLUIUNIA

v '
° a a

FU 1 AT AsUTad L d e imunzay Lileaannd
Yseansnnuazuszundaalganglunismainuide
sgaduiidmly laun Undw [11] wWaendule [12]

£

wazsldanuualyl [13] 1Judu dmsudlgadun

v
=1

ranldluanuideid WJudenawnn (Sesamum
indicum Linn.) §adusniusideaas wieiFundn
Foi1 elivan ilosandwdnidn desdgnunnlu
FJanTaiae (Hufidaanisvenain wsizaiunse
vnataisiulduazinaunen ndaandingmng
Waen wdnudneaiieenui safauisy

Wisngnihluiisnaneluvezuavveadenud

g 9 Wasnmamilesrusenovvesinaudnenlsea
filnaantRduamsgadumdinmidussansam
Tunnsvrdaundouasidutan i idudasiu
Aawandoudie [14] maIdedaldiuuanns
Fan1sveadsainnszurunmndnliiAndesdan
(Zero-Waste) wazudsanmiiothveadonduuly
Inyl (Recycle) F9launddansvnanavunlalmin
Uselond ileilusmgeduddeniduug Sl
fagatuiisnaign wie wasdvszansamlunis

Uszgnaldundmindessaly

I ada o
2. 35L1U8UISIY
fegraldeniuiuddlonas [Wuiieniey
Ugnludendaiay Tusslovddulaguinis
= & o ca v = no J ) o |
Faluiusinanndons [15] Bsniddeiliudiegns

NAVNIVNNYATANENT UNINIFEI1UA e

2.1 M5s8UUARNIIUT2
Ydennundredetingu 3 seu wazvin
wislugasoudl 60 ssmwaidya iunan 3 Halug
ntuuagieIosuauisiniinlfesBon wdseu
ARTUINMEAZLNTIANNAELBYA 40 ta (Mesh) T
lensudenavn dnldgedvudniusnululawdy

aaaua Weldlutuneudely

2.2 Anendnuainanennuaziativasady

ANwIanNYAENIINIEAMVBLUEDNI1Y1
AIUNE 099 aNIIAUSLANATOULUUE 84NT19
(Scanning electron microscope: FE- SEM) q'u X-
Max 50 US¥% FEl Quanta 450 FEG/EDS Oxford
Instruments kagAnwaNwaEIuATvomilaty
WasnnumfeedaaiSefsuanesdunsise
aninslladines (Fourier Transform Infrared
Spectroscopy; FTIR) i;‘u Id7 ATR Accessory U38"

Thermo Scientific



a

144 2158153YINTITUAL I UNT. WTUAT A1V 1INeImIansuazinalulad Ui 19 aduil 1 (2568)

2.3 Anwiadeiiiinasdanisgady
Haduiisinasdensgadu agvinisvaassuuy
wurd (Batch) iilefinyn 5 Hade deil Ysunaudigadu
anudufuddeuuiiduug nanlumsgedu Anusa
soulglun1sgadu wazanudunsa-nslunisga
U Fausazdafennansosvay 3 6 UGRRRFAIEEAT
wenansazangeandeleiasiiuies (Centrifuge) u
7206A, Hermle Tdmnansaseu 3,600 seu/unil \u
1A 10 Wil uahudiesgianudududdeniia
uugiwdeegseirdesialaanlnstnlndines
(UV-VIS Spectrophotometer) 31 Lambda 35, Perkin
Elmer #28/A2131819A8 Ulkas 663 unluins Lile
AUIUTEAYNSRATU WaMmuIMMANNENTALY

MIgedu Aeaunsi (1) uag (2) e

R% = Go=G x100 (1)
0
C.—-C, )V
e—( o—C) 2)
W
Tned

R = Sewavnisaadu (%)

0, = AEasalunsgadu @adinsu/niu)
C, = Amnudududdauuiauugnaunisgadu
(Hadniu/dng)

| [ o

C, = mNututuddauuiauuanain1n adu

(HadnSu/ans)

V = YSunsvesddeuuiauua (@ms)

U

w = dmtinvesigadu (nf)

2.3.1 PMsANYIUSUIUAINATU

Y

YSunadgadun@dne 6ad 0.1, 0.2, 0.3,

0.4 uag 0.5 N3 Wusazimegtldvinguruyaun

a a

125 fladidns usavvinaiuandadese Aududu
ddouuniduug 10 Jadnfu/dns USuans 100
a aa < ! (Y o [

fiaddns anudunsa-arevindu 5 dldiagieag
AINL5I50U 300 s0U/WT 1unian 3 Tlud uile

@ a 1%

muUsIgadunmiiauiauuglagee

Y

Y A

2.3.2 msAneanudududdouwiauug
anudutuddenuiiduugiviinns@nwdl
el 10, 20, 30, 40, 50, 60, 70 uaz 80 HadnTu/
ans lnewseudTunsag 100 daddns Wuday
Aregndlaluvinguonauin 125 daddng uday
vnmvuauiladedall Uvaisaraneliiamudy
n3A-Aavindy 5 udlduiinanaudeninuiad
Anwildande 2.3.1 duduaioavgifoanuia
58 300 50U/und 1uian 3 $alus lemndage
Fuiimaaududuligegn
2.3.3 msAnwwIattunisnadu
naﬂum‘a@m%ﬁﬁﬂmﬁﬁaﬁ 1,2, 3, 4 uay
5 Falus wrazdegsauaudadedsd Fasun
natUFonauidnuildainte 2.2.1 ldluviagy
yunun 125 Saddns Afddeuuiauugainy
uduildainnis@inunlude 2.3.2 Usumsas 100
fladdns wdrusvarsazarglbidanudunsa-ang
Wiy 5 dudiaeawgiieninuiaseu 300
seu/unit iunan 3 $alus evnarlumsgadu

mdnuiauugligee

U

2.3.4 nsAnYIAMITITUET UN1SARTU

=]

mwm%aiauLsusjﬂuﬂﬁ@ﬂéﬁuﬁﬁﬂwmﬁqﬁ
100, 150, 200, 250 wag 300 SOU/UTT wAay

agramuanadedad Yedsunamaddensvn

£

fidnuleande 2.3.1 ldluringuauyaun 125

Aaay

fadfns Adddeuunauuganudududlaain

AsAN®IIUTD 2.3.2 USUnsay 100 Jadans wan



RMUTP Research Journal Sciences and Technology, Vol. 19, No. 1 (2025) 145

Usvansazarelidaudunsa-a1avadu 5
wdiasesgmunatunsgadundnulaain

¥ o w

48 2.3.3 WaNIAUSITOUENTFIRATUAIAA

Y

widuuglaasan

2.3.5 nseinwaadunsa-aslunisgadu

v
o A

wm:uL{‘Juﬂim—shﬂumiam%’uﬁﬁﬂwmmu 1
3,5 7,9 uay 11 Lwiazﬁaasjwmmuﬂa%’aﬁqﬁ 49
USunamadensvniidneilaainds 2.3.1 ldlu
VIngUTLIUIe 125 daddns fdddeuiiduug
anudududilgannnsinulude 2.3.2 Usunsas
100 faddng ﬁ’]Lstl’lLﬂ%‘lE]JLSUEJ'”IGHJJL’JmSLUMiQW%JUﬁ
Anwildannds 2.3.3 frepuiseuwgiilaain
nsAnwlude 2.3.4 Wemeanuiunsa-asves

'
o o o

a1sazany Iigaduindaunauuglaan

2.4 Mifnelalanaunisgaty
vIngUvunuuin 125 1addns 91w 8
n lanaudenanunivanay 0.2 nSu dumazIn
ldddouunfuugainududu 10, 20, 30, 40, 50,
60, 70, WAy 80 Jaansu/ans USuinsay 100
fiadans Usuansavanelidanudunsa-aned 11
warilUiwgaeAUsaseu 150 sou/and 1u
an 4 $9lag via"ammfuﬁwmiazmwé’qmsam%’u
udumlelsmen FsnnsAnunild 2 Telamen
Aoaudeslolaweau (Langmuir isotherm) way
Wyundvlelewen (Freundlich isotherm) fauans
Tugun1si (3) wag (4) AuaIfuLi ee3ule

ANuduSIEMINAMILduvesddouiifuug

neugafiuUinauRAUionYd w gungilai

cC, C, 1
—=—+
9 d, 9,K

(3)

logq, =log K- +%Iog C. (@)

1ae?

o

C, = anuutuddouuiauugignoaduluy
annzauna Naaniu/ans)

q,, = Ysinuasgavesddeumiifugianuisagady

Y

LUUTUR IR aUSInaRaUaBNI @aansu/nsy)

K, = masiuasdes @Gas/dadnu)

K

AsTingundy @adnsu/niu)

= Yaduanadieniuly L'U“L!L“LJEJL@ g2

:>||—\

3. nan1sAnwILazanUsIgNa

3.1 ANWAININNEANLALIATIVDIAIYATY

Waonavfiunzudnoentds 41990
mmasmmLLasaULLﬁws"Lm"GT’JaemﬁaLLamﬂugﬂﬁ 2
n) BlownurasiBeauasfnvunnsiensunsiny
avidon 40 wa avlgnavdensaniieazisond
thna ﬁ’aLLam’LugUﬁ 2 %) @IUANYULNINILATN
vosfiuAavesfagady ifdsuens 500 i wui
fluifdnwarliFoutazaguss uanduzuil 2 @)

= & wad o v & & o
FadunuautAnylvuiensivnn aunsadus?

q
'

A wszdieiuiuilunsgadu aunsodn

()
ho)
c
=)

Fuuazinifiueynavesddeninlafinindgaduis
AuRuTou [16] drunan1sfnwdnuvaznaiad
Usznausignylandu Faii Traunud 3,200-3,600
g Aomy -OH anunsadmiuauduldd [17)
wazasriusglalasnuiuluanaveuuiiduug an
ﬁgﬂﬁﬂimauﬁﬂmmmﬁuﬁuLﬂuﬁﬁamﬁﬁﬂimmﬂ
ogaifiauuglel (4], [18] dauuauil 2,922 @a." o
w3 -CH, Waudt 1,712 ou.! ey C=0 Feanunso
Juiivleseuvesddeununsianislniadinla

[19] wau? 1,601 @3, wansdeansusynaualsuI@n

nef1uayyadaty [20]) dwmsunau 1,418, 1,320
wag 1,233 9. Aevy -CH, vasesdusznouludiu

waglaa waviailiwaglagluUiena [21] waud



146 2158153YINTITUAL I UNT. WTUAT A1 1INeImIansuazialulad Ui 19 avui 1 (2568)

1,025 uay 897 vl Aavy —CH vesdalauuazngsl
Wila AINAIAU VuETILaU 482 Lag 452 gu. A
parUsegnavvedn1suaulaneanlan (CO,

st fauandlugui 2 9)

) )

o)
o
1

I
=)
1

Transmittance {%)

N
o
1

0

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

N
Wavenumbers (cm )

U 2 n) WaeNa13 ¥) nedenawm
A) ANWEILRY uag 1) asAUsEnaunyiletun

MapdvealannaIvn

3.2 wan1sAnedadeniinasan1spadu

Wewdeniun umegeunsaadudden

aal = o A i v
LiJ‘VIauUQ Iﬂﬁ]ﬂﬂw’]wq‘ﬂﬁ]aﬂwL‘V]ll']gallmaﬂfﬁﬂﬂsdua

ganunauugluasazaneiiianun 5 Jade dsil
Usuudigadu anududuveauiiduug aily
n1Igadu AasIseuwglunisgadu wazay
& ' o % o A
Junsa-alunsgadu dawanismaaeuladaden

WALNTE A9t

3.2.1 Han1sAnwUTIIUIgAdU

INNIANBINUIT dagadulIan 0.1 n3u

A9 AGU 88.7% WazA1 g, tMIAU 8.87

Y

id }

adndu/nfu Weodiuuinaudu 0.2 nsu Ansge

£ a

Fuiud uidu 89.4% daunn q Windu 4.47
fiadn3u/ndu esnnidleifisnnausagedy ssdu
msusituARalna Y ﬁw‘iﬂﬁﬁﬂmi@jm%’mﬁmﬁu
¢e [22] usidloiuySunaadu 0.3, 0.4 way 0.5 n¥u
naunuindrmsgaduanantu 89.0%, 87.8% uaz

86.4% lazilA1 g, VAU 89.0, 87.8 uay 86.4

o [ o

Tadnsu/nSu anua

o o

Wi Aawandlugui 3 Beigadu

Y

a

LANURAIIWNE (Active site) Ny lrUsEaNSaw

)

' '
= = v a o a

A JUNINTU LHBAAYUAIUDUATAISINATNNITEUA S

U

v
I~ a U o

sErintounndngnaadulivuiuiiveiagag

Y Y Y

wavounadnegluansazany Ivilinisaaduanas

== £

' = 2 v v £ o a
mu,mwzmeﬂsmmmamummuﬂmu [23] BN

€

'
o a

NN uUTUI 019V AR UrUIRL NI
auMATawIAAtUANITINIEAIiY Useansamlu
nsgadudsanad [24] é’dﬁ?uﬂ%mmﬁn@m%’uﬁgm%’u
wiiduuglégsiigaio 0.2 n¥u

uavasviinaAanavadanispaduiiiuug

19 ]
17 4 89.0
51 ! 885 &£
e13 4 )
Au 88.0 3
& g ] 87.5 €
] &
&7 87.0 E

5 4

5 | 86.5

1 86.0
0.1 0.2 0.3 0.4 0.5

USudagadu (nfu)
——qge (Hafinfu/nfy)  —e-Jouaznigadu (%)

JUN 3 TaduUSinaudfennunsienisgadu



RMUTP Research Journal Sciences and Technology, Vol. 19, No. 1 (2025) 147

3.2.2 Han1sAneIAMuTNduvaufiauUs

v

a

PNATANBINUIT ANUDNTUVDILTIAUUA

Y
v

71 10 uag 20 fadn$u/ans dnsgeduiiingudy
88.4% way 91.5% WwazilAn q. W1AU 4.42 Lay
9.15 fadnfu/nfu awau uazgatuLiingand
AAANTULAAUUg 30 Hadnu/dns dA1 93.3%
warA1 g, Wiy 13.99 fadnfu/ndu Fuilenny
Waduufiduugiiudu dldiAnauaneg
seriveymevesddonluasazas uaziiuiaves
adu JuAALTITUAUNSINEIMNIIATeteYNAT
fouioidirduuuiiuiinesiagadu (Binding site)
Ignnt [25] widloiuanandadaundy 40, 50, 60,
70 war 80 fladnsu/ans wuinfinsgaduanasdi
89.95%, 89.4%, 88.7%, 88.7% Waz 88.2% Faflen
Qe MU 17.98, 22.35, 26.60, 31.05 way 35.26
faansu/niu awddy dauanduguil 4 1desen
ounavesddeudoitrduiuiuiivesdigadu
suidy Fevilieuniavesdliauisadiduledn

n139AduIeanas [26] AeuaMUduTULITARUUg

Y

Mdenanvigeduligeande 30 ladniu/dns

wavasmududuiiuiudensgaduaiituugitonadionnenn

40 - - 100.0
35 | L 98.0
= L 96.0
27 | 940 &
€
RSN L 920:2
[— [
< 20 L %00 &
(=1 e
15 . 880 §
o s
L 86.0
10 1 aaoaE
3 3 L 820
0 r r r r T T 80.0

10 20 30 40 50 60 70 80

arudufuSuduwiduug (adniu/bns)

—4—qge (@adniu/niu) —e—Jauazmsgadu (%)

UM 4 Jadeanudutuddeuuiiuugsienisaadu

3.2.3 wan1sAne a1 tunIsAdu

Han1sAnwInUIIlunIsaduan 1, 2, 3

wag 4 Falus Insgaduiindudu 92.7%, 92.2%,

92.4% Wag 93.1% A1 q. WU 13.81, 13.83, 13
86 WAy 13.96 fadnsu/n¥u swadiu ilesannnis
unangadu ilishgaduduiatueyniedlaun
Yu Huwalsinsgeduiiduiunaludie Semsn
n3ReduIziAnd uegasanss insredusadudu
[25] wiiilefinnandu 5 9alus wuirdinisgadu
anaaliu 92.6% wagilAn g, Wity 13.89 faansay/
n$u fauandluguil 5 1esaniinisgadugsgauy
fufaigaduuds Tudrgannsaunadsounied
fouvziin1sinzvsengneenNAIgATuIYin iy

= D

fauddziunanlunsgaduliunndufni (27]

aadunalunsgaduddeniunifuugaieiuisnn

Y

9717 Hanunsagaduldgsgame 4 Falus

waraImanIspAduIiiduugAuraUFan g
14.00 - - 932

L 93.0
13.95 4
- 928

13.90 4 y 926

NIRRT (%)

q, (fiadndu/nin)

o924

-
o
=]
ol
¥
F9UA:

o922

13.80 Y : : 92.0

1 2 3 4 5

v (dalug)
—a—qe (Hafinfundl)  —e—fouaznigadu (%)

sUn 5 Tadenanlumsnadu

=2 < ' o
3.2.4 Wan13ANYIAIULINTOU L‘Uﬂﬂuﬂ'ﬁﬂﬂ"lﬂ]

P oA < '
NANITANEINUIT NAIULIITRULVYN 100

WAz 150 0U/u1 An3aadu 86.5% Uag 89.8%

a a o

A1 g, 1AV 12.98 wag 13.47 dadnsu/nsu

v
= o

puddy Weanusiseudwisduvilvieymed
fovannsaduiatuspaduldinnty Suhlidng
paduiiud unuldae [13] Woifiuaruniasou
weklu 200, 250, 300 uaz 350 s0U/WNT din139N
Fuanandu 88.9%, 88.5%, 88.4% LAy 85.3% A1
Qe WINAU 13.34, 13.27, 13.26 Uaz 12.80 Hadnsu/

nFu mud1iu Aandluguil 6 n1siiiuauEa



aya

148 2158153YINTITUAL I UNT. WTUAT A1V 1INeImIansuazinalulad Ui 19 aduil 1 (2568)

saugun AUl agvinliinunsdau Fevinli

nsdudaiusEninteunIaduarinuiivesiigadu

v v @

ANAITATINNITAATUA Y [28] MatuAE

Y

=5 aa =

iEJ‘ULSUEJ’ﬂ‘LJﬂ’IiQWUUﬁEJEJ?JL@JWﬁUU@V] Waenmum

U
&

ansagaduligegafe 150 sou/uil

4

navesrMUETRUE BN IRaduiAuUgftunaUBan Y

13.6 - - 910
135
L 900
_ 134 1 2
=
133 L 89.0<
3 B
= 13.2 4 g,
€ 121 L 880 &
@] 3
,13.0 L 87.0 &
@
129 4 -
L 860
128
12.7 , . . . 85.0
100 150 200 250 300 350

ATuETEUET (39U/ANT)
—e—fovazmigadu (%)

—a—qe (fiafinfu/niy)

U 6 Yadurrundaseuvedensgadu

3.2.5 nan1sanwanadunsa-aslunisaadu
= ! 1< ! =

NANISANYINUI ANULTUNTA-A9 1, 3,
57, 9uay 11 dn1sgaduiiudwdu 53.1%,
84.4%, 87.1%, 87.4%, 88.0%, Wag 89.8% AN Ce
WINAU 7.96, 12.66, 13.07, 13.12, 13.21 uag 13.53
fiadn3u/n3u audidy dauanslugud 7 Jauidy

& Y v vaa 1<

vgiluddoudsyauin gnaadulafanianudunia-
AN9g4 [29] sefianeliiilelasiaulessu (HY)
aﬁﬂimmﬂamaﬂ [30] sauvisanudunsa-anei

¥

N| ﬁu“waamm%awmwiuaav Fesuiulsea

e 2.

Un9d S oulad T udlsusameluiradng

o

(Electrostatic attraction) wazaenAa e uUIY
AU nuIINseaduEdauuiiuugnlefinady
719 9 1 WWhend uaziudennseiiiey In1sgadu

quqmﬁmnmﬂumﬂ-ﬁm 11 [31], [33] AetiumIny

o—

Junsn-adlunsgaduiildennvnaunsagadu

= P R W ome -
Nﬂ1IEiﬂ'?'llll.'Uul'l‘iﬂ-ﬂ'lﬂ'l‘luﬂﬁﬂaﬂTTQﬂ%UWﬂﬁuU@ﬁ‘WHikﬂﬂﬂﬂw?"l‘ll“l'?

16 - - 1000
18
L 900 ~
12 g
€10 | 8008
3 g &
€ " £
E s | L 700 §
& 4 | &
60.0
2
0 50.0

1 3 5 7 9 11
anuidunsn-sna (pH)
—A-qe (lafnfwnin)  —e-Youarmigndu (%)

U7 7 Yaduanudunsa-ssronsgadu

3.3 nansanwnlaleimannisgadu

nsfnwiravedlelewmenlunisgadu e

ANMUAUNUSTENIUSUUvRIddpuL U aUUaTIaN

Y Y

o

grdushedennumdumududuveanfiduugd
wdeegluanzauna o gangiiad lemany
gonndosfuaunslolumeunsgaduivhns@n
i1 2 aun1sfie uaudeslelumanuarviyunivlely
wiew Baldnsmilelamennisgaduddenufiauug
medenivnvadkauieslolamauuaznyunsey
Toluien Fauansdluzud 8 n) uaz v) muddy e
WisuifleuAdussansanduing (R vesisaes
aun1s nudn A1 R naunisuandeslelenen
wazngunstlolamenden 0.31 wag 0.93 nuadu
9 R? vosaun1snguasvlelemeousiandlng 1
WINNTT wanrinseaduddeniuniauugmeien

a

U1 denpapdivann1suuusussyleluney 3

o a

ansoasunsladndunisgaduiiing uuuiuis

o & v v

vosigadunuuliiluileiieaiu niedigadud

U

v
o

ﬁyuﬁwqmw wazn1sgadutd unuunaned u
(Multilayen) Fsaoandosiunuidoiidnuinisgm
Fuadoumiiauugsmeiigadudu « uandlumsned
1 \wu ides [36] luazian [37] wavdenvueld
[13] @uAT 1/n wagan K 98aUdananuniwinnu

1.38 way 7.46 Naan5u/n5U 1ua1AU tae n e



RMUTP Research Journal Sciences and Technology, Vol. 19, No. 1 (2025) 149

Y =

WINAU 0.72 F9TAIUINNIT 1 w@ne3n wUaenanvn

Judgaduiifiiuiiouin [35] WiawSeuiiisuiu
AIRATUANG qUAINUIN NMseduddeuuiauug

AglldeninvIlA1n1nAdugedai 128.21
fadindu/n3u Fanalnnisgaduresfonanvd 13

WinnuAsemesnieainnaziaiveslasasg

vo3i9adu Fefivyiariduluuszqau wu ny -

'
a

OH uagny C=0 Nanunsaniuselalasiauiuluana

Y

youuiauvadadulszauinls dnadaiiusafan

Y 9 Y

=

malnihatindegaduddenlas (18], (19], (38], [39]

uaariia$leTeman

T
025 . e e
£ o020 o
£ .
S
R .
S o 4 ¥=0.0078x + 0.1906
" R*=0.31
0.00 . i I I I
0 0 40 6.0 80 10.0
Ce(Haaniwans)
iguadvloTvmon
0 5
)
Is P )

o ¥ =0.8728x+0.7243
05 4
R=093

°w T T T T T T |

0.0 0.1 02 0.3 0.4 05 0.6 0.7 08 0.9 1.0
log C,
UM 8 n) uaadleslelamen uay v) wiuedvlelamen

Yossgaduddeuuiauugaeiennud

A15197 1 WSsuiiguamnsiwesvaakaniieste
lowenuazyisunsylelewen lunsgaduddeuwi

AUUVVDIRINATUAN
Y Y

waudivslalawon wiundvlalomon

i A K R? K 1/n g g
(me/g)  (L/mg) (mg/g)

’ﬁlﬁﬂﬂ 9.78  1.60 098 605 0.3 0.99 [36]

Tuazian 376 0.18 096 242 179 0.99 [37]

waan 29.24 0.05 0.92 1.55 0.72 0.99 [13]

wiialdl

waan 128.2 0.04 0.31 7.46 1.38 0.93 N3

UM fnunil

4. &3y

Wasnnwmildanveandeimanmainuns
asaneduddenwnauugld Inedvadenisgady
fvlildnsgaduand geluusozdads el
USuudangadu 0.2 n$u (89.4%) Aududud
douuiauug 30 dadinsw/ans (93.3%) Latlunis
gasu ¢ $alug (Fowaz 93.1) amnasaseutngily
NIQATy 150 seU/1¥ (Fouay 89.8) wazaudu
nsa-salunisgeduil 11 (Fewaz 90.2) uazwa
nsfnwlelemeunisaaduddeuiuiiduugves
Wienawn wuin aenedesiulelemeunisgadu
wuunguasy Taefdan R2 1idv 0.93 Feaunsa
asunegUkuuN1sgadulain Lﬂuﬂ'ﬁ@dm%ﬁlﬁmsﬁu
vuluRnresdennan Jesiufilveswiagadulsl
Budoideatu fauegess uaznisgeduiiniu
wuumanetu Tnevdanmsgaduannsniiudens
¥12lUATAf 835619 9 19U N5 AdUAN
g un g9 (Thermal treatment) 14 931818
Tnssasamaaiivesddon vietiluilanauluiui

=

A3UAY (Controlled landfilling) 1 edeafunts

v
aad

$alvavesddon wazidna1835 W wildgadu
(Adsorbent regeneration) lngn1studdausanain

maaduudiiunnduuldlivng Fuludeiaueuusi

zvinsAnesaly

5. AARNSSUUTENA

YDUBUAN AU INEIAIENT AL INEAIENS

wazimalulad unInerdesivigias N1MAu

=

aULATIENAnIUN V1I7e 1T el wazaunsal

v
[

ANYEIENSIUNITYINNUITEATIN

e

6. LBNAITD19DY

[1] Y. R. Smith, D. Bhattacharyya, T. Willhard,
and M. Misra, “Adsorption of aqueous rare

earth elements using carbon black derived



150

a

2158153YINTITUAL I UNT. WTUAT A1V 1INeImIansuazinalulad Ui 19 aduil 1 (2568)

from recycled tires,” Chemical Engineering

Journal, vol. 296, pp. 102-111, Jul. 2016.

M. M. E. Halwany, “Study of adsorption

isotherms and  kinetic models for
methylene blue adsorption on activated
carbon developed from Egyptian rice hull
(Part 11),” Desalination, vol. 250, no. 1, pp.

208-213, Jan. 2010.

O. Hamdaoui, “ Dynamic sorption of
methylene blue by cedar sawdust and
crushed brick in fixed bed columns,”
Journal of Hazardous Materials, vol. 138,

no. 2, pp. 293-303, Nov. 2006.

C. Deng, J. Liu, W. Zhou, Y. K. Zhang, K. F.
Du, and Z. M. Zhao, “ Fabrication of
spherical cellulose/ carbon tubes hybrid
adsorbent anchored with welan gum
and its

polysaccharide potential in

»

adsorbing methylene blue, Chemical
Engineering Journal, vol. 200-202, pp. 452-

458, Aug. 2012.

F. Liu, H. Zou, J. Hu, H. Liu, J. Peng, Y. Chen,
F. Lu, and Y. Huo “ Fast removal of
methylene blue from aqueous solution
using porous soy protein isolate based
composite beads,” Chemical Engineering

Journal, vol. 287, pp. 410-418, Mar. 2016.

P. 0. Oladoye, T. O. Ajiboye, E. O. Omotola,
and O. J. Oyewola, “Methylene blue dye:
Toxicity and  potential  elimination
technology from wastewater,” Results in

Engineering, vol. 16, pp. 100678, Dec. 2022.

l. Khan, K. Saeed, I. Zekker, B. Zhang, A. H.
Hendi, A. Anmad, S. Ahmad, N. Zada, H.

(10]

Ahmad, L. A. Shah, T. Shah, and I. Khan,
“Review on methylene blue: Its properties,
uses,

Water, vol. 14, no. 2, p. 242, Jan. 2022.

toxicity and photodegradation,”

B. Qiu, Y. Dang, X. Cheng, and D. Sun,

«

Decolorization and degradation of
cationic red X- GRL by upflow blanket
filter,” Water Science and Technology, vol.

67, no. 5, pp. 976-982, Mar. 2013.

M. R. Gadekar and M. M. Ahammed,
“ Coagulation/flocculation process for dye
removal using water treatment residuals:
artificial  neural

modelling  through

networks,” Desalination and Water
Treatment, vol. 57, no. 55, pp. 26392-

26400, Nov. 2016.

Z. Jia, Z. Li, S. Li, Y. Li, and R. Zhu,
“ Adsorption performance and mechanism

of methylene blue on chemically activated

carbon spheres derived from
hydrothermally- prepared poly ( vinyl
alcohol)  microspheres,”  Journal of

Molecular Liquids, vol. 220, pp. 56-62,
Aug. 2016.

A. A. Ahmad, B. H. Hameed, and N. Aziz,
“ Adsorption of direct dye on palm ash:
Kinetic and equilibrium modeling,” Journal
of Hazardous Materials, vol. 141, no. 1, pp.

70-76, Mar. 2007.

B. H. Hameed, D. K. Mahmoud, and A. L.
Ahmad, “ Sorption of basic dye from
aqueous solution by pomelo ( Citrus
grandis) peel in a batch system,” Colloids

and Surfaces A: Physicochemical and



RMUTP Research Journal Sciences and Technology, Vol. 19, No. 1 (2025)

Engineering Aspects, vol. 316, no. 1-3, pp.
78-84, Mar. 2008.

P. Ouengsirisawad and C. Ruangviriyachai,

“ Adsorption of methylene blue dye using

dried shell of bamboo shoot,” in
Proceeding of The National and
International Graduate Research
Conference, Khon Kaen  University,

Thailand, 2016, pp. 343-350.

Q. Guo, S. Xu, X. Zhao, H. Liu, Z. Qin, and
X. Wang, “Physicochemical and functional
properties of pectic polysaccharides
extracted with four different chelators
from sesame hull,” International Journal
of Food Science & Technology, vol. 58, no.

5, pp. 2289-2303, May 2023.

G. Yaseen, M. Ahmad, M. Zafar, A. Akram,
S. Sultana, S. N. Ahmed, and O. Kilic,
“Sesame (Sesamum indicum L.),” in Green
Sustainable Process for Chemical and
Environmental Engineering and Science,

Elsevier, 2021, pp. 253-269.

P. J. Cruz, P. P. De Breuck, G. M. Rignanese,
K. Glinel, and A. M. Jonas, “Influence of
roughness and coating on the rebound of
droplets

on fabrics,”  Surfaces and

Interfaces, vol. 36, p. 102524, Feb. 2023.

M. A. C. Ortega, O. G. Barradas, M. R. M.
Lopez, K. M. Vasquez, and M. J. Fernandez,
“Chemical modification of sesame protein
by acylation reactions: characterization

and evaluation of functional properties,”

International Journal of Food Science &

151

Technology, vol. 59, no. 7, pp. 5083-5095,
Jul. 2024.

A. A Aryee, R. Han, and L. Qu,
“ Investigation into the adsorption of
methylene blue and trimethoprim onto
modified peanut husk in single and binary
systems,” Desalination and Water

Treatment, vol. 317, p. 100248, Jan. 2024.

Y. Cao, L. Yang, F. Liu, and Q. Yu,
“Adsorption experiments and mechanisms
of methylene blue on activated carbon
from garden waste via deep eutectic
KOH

solvents activation,”

182, p

coupling
Biomass and Bioenergy, vol.

107074, Mar. 2024.

N. Bouhadi, C. Boualem, and L. Boudriche,
“ Sesame Seeds and Flax Food OQils:
Extraction and Physicochemical
Characterizations,” International Invention
of Scientific Journal, vol. 3 no. 6, pp.597-

604, Aug. 2019.

A. Ferrer, C. Alciaturi, A. Faneite, and J. Rios,
“Analyses of Biomass Fibers by XRD, FT-IR,
and NIR,” in Analytical Techniques and
Methods for Biomass, Cham: Springer
International Publishing, 2016, pp. 45-83.

A. E. Ofomaja, “ Sorptive removal of
Methylene blue from aqueous solution
using palm kemnel fibre: Effect of fibre
dose,” Biochemical Engineering Journal,

vol. 40, no. 1, pp. 8-18, May 2008.

E. Forgacs, T. Cserhati, and G. Oros,
“ Removal of synthetic dyes from
wastewaters: a review,”  Environment



152

a

2158153YINTITUAL I UNT. WTUAT A1V 1INeImIansuazinalulad Ui 19 aduil 1 (2568)

International, vol. 30, no. 7, pp. 953-971,
Sep. 2004.

S. Parvin, A. Hossen, W. Rahman, |. Hossen, A.
Halim, B. K. Biswas, and A. S. Khan, “Uptake
hazardous dye from wastewater using water
hyacinth as bio-adsorbent,” European Journal
of Sustainable Development Research,

vol. 3, no. 1, pp. 1-10, 2018.

U. Gecgel, O. Uner, G. Gokara, and Y.
Bayrak, “ Adsorption of cationic dyes on
activated carbon obtained from waste
Elaeagnus stone,” Adsorption Science &
Technology, vol. 34, no. 9-10, pp. 512-
525, Dec. 2016.

Z.Eren and F. N. Acar, “Adsorption of Reactive
Black 5 from an aqueous solution: equilibrium
and kinetic studies,” Desalination, vol. 194,

no. 1-3, pp. 1-10, Jun. 2006.

C. Umpuch and S. Sakaew, “Removal of
methyl orange from aqueous solutions by
adsorption using chitosan intercalated
montmorillonite,” Songklanakarin Journal
of Science and Technology, vol. 35, no. 4,

2013.

K. S. Baig, “Interaction of enzymes with

lignocellulosic ~ materials: causes,

mechanism and influencing factors,”
Bioresources and Bioprocessing, vol. 7, no.

1, p. 21, Dec. 2020.
M. A. M. Salleh, D. K. Mahmoud, W. A. W.

A. Karim, and A. Idris, “Cationic and anionic
dye adsorption by agricultural solid wastes:
A comprehensive review,” Desalination,

vol. 280, no. 1-3, pp. 1-13, Oct. 2011.

[30]

A. Ozcan, C. Omeroglu, Y. Erdogan, and A.
S. Ozcan, “ Modification of bentonite with
a cationic surfactant: An adsorption study
of textile dye Reactive Blue 19,” Journal
of Hazardous Materials, vol. 140, no. 1-2,

pp. 173-179, Feb. 2007.

B. H. Hameed and A. A. Ahmad, “ Batch
adsorption of methylene blue from
aqueous solution by garlic peel, an
agricultural waste biomass,” Journal of
Hazardous Materials, vol. 164, no. 2-3, pp.

870-875, May 2009.

B. H. Hameed, D. K. Mahmoud, and A. L.
Ahmad, “Sorption equilibrium and kinetics
of basic dye from agqueous solution using
banana stalk waste,” Journal of Hazardous
Materials, vol. 158, no. 2-3, pp. 499-506,
Oct. 2008.

C. Namasivayam, M. D. Kumar, K. Selvi, R.
A. Begum, T. Vanathi, and R. Yamuna,
“Waste coir pith—a potential biomass for
the treatment of dyeing wastewaters,”
Biomass and Bioenergy, vol. 21, no. 6, pp.

477-483, Dec. 2001.

Z. Huang, T. Wang, H. Yi, and X. Li, “Study on
the adsorption of methylene blue from dye
wastewater by humulus japonicus leaves,
E3S Web of Conferences, vol. 236, p. 03028,
Feb. 2021.

P. Boonthawee and W. Chooaksomn,
“ Comparison of The fluoride adsorption
performance of adsorbent,” Journal of
Science and Technology RMUTSB, vol. 5,

no. 1, pp. 95-105, Jul.-Dec. 2017.



[36]

RMUTP Research Journal Sciences and Technology, Vol. 19, No. 1 (2025)

F. Batzias and D. Sidiras, “Dye adsorption by
calcium chloride treated beech sawdust in
batch and fixed-bed systems,” Journal of
Hazardous Materials, vol. 114, no. 1-3, pp.
167-174, Oct. 2004.

K. Bhattacharyya and A. Sharma, “Kinetics
and thermodynamics of methylene blue
adsorption on Neem (Azadirachta indica)
leaf powder,” Dyes and Pigments, vol. 65,
no. 1, pp. 51-59, Apr. 2005.

A. A. Aryee, C. Gao, R. Han, and L. Qu,

“ Functionalized magnetic biocomposite

153

based on peanut husk for the efficient
sequestration of basic dyes in single and
binary systems: Adsorption mechanism
and antibacterial study,”  Journal of
Environmental Chemical Engineering, vol.
10, no. 4, p. 108205, Aug. 2022.

D. M. N. H. Jayasuriya and K. Nadarajah,

«

Understanding  association between
methylene blue dye and biosorbent: Palmyrah
sprout casing in adsorption process in aqueous
phase,” Water Science and Engineering, vol.

16, no. 2, pp. 154-164, Jun. 2023.





