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EFFECT OF CALCINATION TEMPERATURE OF ADSORBENT FROM VETIVER
GRASS LEAF ON METHYLENE BLUE REMOVAL
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Abstract

Vetiver grass is a tropical plant which has a deep thick root system, spreading
vertically. The root densely binds together like an underground wall enabling it to
store water and moisture. The vetiver grass is considered as an effective measure for
soil and water conservation. However, the use of vetiver leaf is limited and it
becomes an agricultural waste. In this senior project, the vetiver leaf was used as raw
material to synthesis an adsorbent for wastewater treatment and water purification.
The leaf was calcined at various temperatures of 200, 400, 600, 800 and 1000 °C to
synthesize the high porous adsorbent. Then the adsorbent was used to treat

synthesized dye wastewater. The results reveal that the highest removal efficiency of

~91% was found at the 200 *C-adsorbent. It's kinetic and isotherm of the adsorption

were second-order and Langmuir isotherm.
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Tud e, 1880-1941 WnRAnd-wall ¥1aieesu Herbert Max Finlay Freundlich 161

veauMskansAudITusUSuvesmgnaatuivaaduduresasasaeniauns 2.3

X 1
e = —= kae; 23
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k] y

naunsvguade Weldaeni3fiu (logarithm) sxldminis
logqe = log = =logks + ~log C 24
e =108 = 10gxf+ 0§ Le -

d' 1 1 X (.7 A o al 13 1 28 Qr
diendemnswisening log — fiy log € o amgiined asldnsiidunssgadaunu

u

a 1 2 [ 1 4 [:d 1 X
aansmimmdr KF 1 wasmuduresnsmify - Uansalfindannssening log;

Qs [} L4 1 = d = 1

fu log Cg uihliildidunss wansindiansiivavy lWanaunisveaiuady wWu nsga

ar 4 s g o = o 11 s ar ] =

Fuarsazanelilainanmhwineiwewsgadu wirmmnasgngaduludmiazsareiunm
a g v o o o vou o o

wn ldansgngeduivdenanududugedadiuinmuanas

o ey e]

2.5.3 wuuinasslalawaunsgadulan

Ul e.a. 1903-1986 Wnivemianis1ieiuiiu Stephen Brunauer waz Tul a.a.
1900-1985 Paul Emmett uag Edward Teller WAnwinsgaduvarsdunaziauadsaunis

2.5
P 1
V(P,—P) V.k

p
+ — 25
Po

= Y o
Lo P = ANUANALARUBIANTNAYY
= = ar o a
\ = Usnningngagunauny
= = LYR L VAP & o
Vo = UlumsfigngaduieliiAnuuien
P, = anuduledudvedluanaigngndu
1 =l
k = ANAIN

Brunauer-Emmett-Teller iuusdnvarlelomensandu 5 wuu figu 2.12 FeoBuie

ar ' ot A}
NIRATULAGSLLUUAIU
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2.5.4 wudnanslalamaun1saaduvas Temkin MO Memoir
et as . L A ~ 1o
99131N17AYY (adsorption rate) UNWUENISYUBRYNY
- M FuYRILAE (P) nilefvendaiiu 6 P Jdwnn Sasinisgadufinzann

anallusing

|3
1

@t 1 & da 2 oo | A Ad e ] [d e
- Enduiiuifveswewdandviney (Wuandsbifiluanaufaadluingg) 3

witu (1- 9
U ir ot U —Em
- wisnunsssiuraanagady Faulsdumugumail (kadsﬂ' RT )
_Epgs
Tads = P(1 —8)kgds e RT (2.6)

b2

8131135188 (desorption rate) VUL uBgM

L 1

é’ o 2o L4 ]
- dnduiiuithveswesdeniluanauifaunagued () uay

E
1 = as { st o -
- fnAsiveIn1sANedy Bawdsiumsaungil (Bkdese RT )

oo
rdes = 0 kdes'e™ At @.7)

4 q‘j ar o 1 oas ar ot L=
ANMIBAUARUUDTNTINIAATUMNINVBATINIAYIY 1138 81N (2.6) = dums (2.7)

el

E K

P(1— @)kggs e &7 = O kdese AT 2.8)
Faguuuuaun1sil 2.8 Tl
0 (Bies— Bads)
P kdes' _e__dgsﬁad;_
kads (1— 6)
AuuAlg AHads = Edes - Eads (2.9)
wnuAtan (2.9) adlu (2.8) el
k 8 _AHgagg
p = —des. ‘e RT (2.10)

kaas (1-6)
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fvunlv =~ = —des., " Rr (2.11)
K kads
1 ]

g = = 212
wla P K (1-0) (2.12)
KP
En) 6 = 2.13

G-P) (2.13)

=] o4 13 or )
aunshi (10) Afeuuudaeslolemaunsgadures Langmuir Yules
P =1 I3 5 1 1 1 2 = 1A P altl = ef
Tunsdifien G fieddunudnan AH_ Asudaeasd uiidle O iiisduiinnsdune
1 =L o o & gn 2 o 1 Ly Aé’ = 5 =l
11 AH_ fwunlinfinzanas mswdsuwdaiiiinanmsisihumiagaguuuiuiauuiinmg
1 ot 1 = o s J A o 1 lgll = A
wansnsfuegianinannsiiusinsgyhiuszninluanaigngadueguuiuiuasluianai
[ ol st dy =Y EJ - ] @
Adazgngaduuuiuiiy (meufl Langmuir dnausleluveumigeduresuilulla.a. e
W nwlaseaieeznendshifiarudaiau namansaTufideglusewitniswam)
Tul A.A. exco Mikhail Temkin Jalsiinauswuusiasinsgadulneimualiean

a 1 o a &
AHads AATILUUIBIEUR AT @ Afindunsauns

AHjzds = AHadst(l —ao) (2.14)

A ] £ o i:l U 1 24
e AH__ Ao manuseuvesnagaduiian 0 laq uas AHgqs ¢ Aerauiouyes

s A 1
nsgadufidn 8 Wusud

Yinsuuannnsi (2.14) asluaunisit (2.10) a9l8

AH (1—-a8)
a adso
p=Sdes. ° _., RT (2.15)
kads (1—0)
_AHggsp _AHg g ga®
p = (Xdes. 7" )2 .7 Rr (2.16)
kads (1-6)
ntatnTg take logarithm Wdostnesaunsi (2.16)
k _AHggso g AH
InP = In (ﬁ ‘e RT | +In + (—2L-@)8  an
ads (1—8) RT
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q
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1 v o 1 ° ¢ ¢
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i as =4 1 [ 1 o 1 o el 14 o 2 d 1 =
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LAy
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Falunzannsodeaunisy (2.17) ludladsd

— ; - — kdﬁ' _ﬂm;n_) )
a AHRTi' - InP (ln( - e rr’ |+ In ) (2.18)
il A = | g
mMunlA = | an T (2.19}
RT
kdes _AHGdSO B
waz MB= —[In ¢ Rt )+ In——= (2.20)
Kads 1—-8)
Fatuannsi (2.18) sgnanowdu
6 = A In(BP) (2.21)

4 =y ar . | Y L
aunsi (2.21) fe lelewmeunsgadures Temkin ffirsaniisuiuleluven
lolaweunsgaduues Temkin tuannsnildldrunsgaduniaei (chemisorption)

] 5 = =t ol LT
Waswnluaunmsuuilnisianunfandaunsziuveansgadume
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Y 'd LY 4 = = s @ 9 oal [T
WeTIuny gvsstiud waz we. Tndnd Yeeliean Anvinmsgaduddeiuiduug lnold
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2.6 aauransvaNIgady
2.6.1 Ufjizenduqu 1 (First-order kinetic)
= ey Y o, = o &5 1ar ® W Y w o e 4
h ‘U{]ﬂ‘iEI’WIE]NTIﬂ’]iLﬂﬂU{]ﬂiEJ'I‘UUE)gﬂUﬂTIQJL‘Ui.I‘UU?.Iaﬁﬂ’ﬁﬂQﬂuﬂﬂﬂ']ﬁ\‘l‘Hu\i Ad1N19

first-order kinetic wanala AvauN1g 2.26

dq¢

4t — k1(ge —ar) 226

= o, ol =f [
AUNLNTAAUNT 226 AN t =009t =tuas g =0 04 g = G AUNTIEUATIVD

Pseudo-first order wamalassauns 2.27

1
log(qe — qt) = logqe — (kt ) 2.21
2.303
41 A = s at ] s
319 G = anwausalunmsganuiailag @afindudeniy)
1 = o o = o e oo 1 =l
ks = ANAINIINTIIVBIUNATH1OURUNKIN (ROUN)
t = nanilllumsgady (i)

o W s or  F ) s [ w 1 =
drdpyannduuanuduiudssning log (. - g A t vzlansidunse Arned
s o 2 ar u =l o
gn3 189904 Pseudo-first order (k) wildanaruduassndunss TususinisAtuu
arwannsalunsaadu (g) 99naun1s Pseudo-first order mldangadnvasammMsdunse

£ Ry ar ar

2.6.2 Ufnsenvuav 2 (Second-order kinetic)
o, oy dv =y a oo a:.{ 1 &r = 2 u‘j i o ar
Ae UATofisnsinmsiiaufiseduetiuanududuvesasasiugnindsaes wie
Fuagiuaudiuduretarsiiuanseila uiasyiinanidenils aunis Second-order

kinetic wandluyaunis 2.28

dqg

bk _ 2
Nt — ka(ge — ar) 228

= = A ﬂJ = 12
JunTmaun1sh 2.28 M@t = 0 fa t = t uaz g = 0 f4 g, = g AUNTTHUATIVDY

Pseudo-second order WAAIHIANNTT 2.29

L:( ! )_l_(;—e) | 2.29

qt k2qg?
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P 1 A o = =y Sy v o o LY N . =]
o k, = ArAsRonsILTwesUfnsenauAUd@eY (NINMBNARNIN-UIN)

o Vv = o or £ 1 t’ a & 2 =1 &/ o 1
U E]luJﬁHWL?JEIuﬂ’J'IMﬂNWHﬁiSWJN —fut f\]ﬁ‘lﬂﬂ'i'lﬂLﬁUMN AUt ulu q_
qt e

o 3 1 = o
KazARALNURT A1115aUIAIAIN k, Y09EUNT Pseudo-second order dayan1dny

i

ANIITUSIAULASMIRATY

2.6.3 fetensinwasumansluidggadusineg

wwsiuns questiud was we. Tndng Yosienan AnviBosaumaniuazinesluni
nsaadumiiduuglagldunaudauds wuitnisgaduaenndesivaunis Pseudo-second
Order s3urglddniunsgatumunidlididnasen Swfusewiaunaudaudsuasidon
wviituya

unadumn Insysal welasansal fivan wasivien uvasimiiu waguan
auad F3iivs Anvinsgedudomuanlaglfinatinmanamieduigedu wuifiew
Hunsa-waresddouviiu 6 awlianuansalunisgeduddougegn 21.47 fadniunonu
uazilsaumianivaimgaduaonnaeiuauns Pseudo-second order 11nn31 Pseudo-

first order
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3.1.2.4 Unined
3.1.2.5 wunanuiougs (@sormunuguuniila)
3.1.2.6 peunsesouvn 212 lasues uas 106 lulaswns
3.1.2.7 \A3peT
3.1.2.8 D8ElnnuANTOY
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3.1.2.17 Tm
3.1.2.18 gnEn
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3.3 asduATERisanTuNMiIusn

3.3.1 lungudnuvinauaz e

3.3.2 dnlungnudnidutudng armendlidu 1 wuiums

3.3.3 hlungudnisaudnnduanden

3.3.4 aufegamaii 110 svwaidua Wuinm 12 $91 waeAdiiBuduan ¢ Sl
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nsewshunzinssun 212 lulasuny
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6 89U
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3.5.1 a71u9U (Moisture)

-] L = =Y =i o oy L4
dmegrlleungaumgil 110 ssmisadea e 12 Falus uasdialilidudy

Y] o o 2|
1287 4 9219 PNUTUAUAIUATLAUNITA 3.1

(dwimgroun — dwvelmdusn)

X 100

Qoruiu = Y o ..
unilnsgdawin 3.1

3.5.2 vaaudlsszmeld (Volatile matter)
0w W = 2 o = & v o
dmguisluisniiaamgll 850 asrngadiea WWhia 7 indl wagisliliduly

) o 0 |
1387 4 Fl3 INUUATIIAIUINAIHALNTST 3.2 (Katesa et al., 2013)

(wivigirdouun — dwdndudusn 850°C)
X 100

UNUAUEINDULET 32

Yoozl =

&
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s 2 v I | a = P T, = =
WIMQ9NTD 3.5.2 1 nn oV gl 800 a3 galTed FUMIMUIMUNILAM UV

e o ™) - o <
uazAslilduduna 4 Tl ntiueuA LN 3.3 (Katesa et al., 2013)

(i vdann 800°C suthwiinasi)

100

Qpiuin = -
whminugfouun 850°C 3.3
3.5.4 Aruaumsdl (Fixed carbon)

ANNMUMEANNNTT 3.4 (Katesa et al,, 2013)

Yartuoursn = (100 — Yuewmdssumn — %i
34

w oo )
3.5.5 Vlundaagaduindansieild (Yield)
° =
ANUINMNANNTH 3.5
danahv AR oam i
3 = x100

- 2 & P U
% IaaantiiiduRTIz 1A = s
dmtinngnein 35
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