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Abstract

A geopolymer is an eco-friendly porous inorganic material that can be used as dye adsorbents in
wastewater treatment. It is formed upon dissolution of aluminosilicate in the presence of a high basic activating
solution. This research aimed to synthesize and characterize fly ash based geopolymer and to examine the use of
the synthesized geopolymer to adsorb brilliant green dye from aqueous solution. The geopolymer was
characterized by X-ray Fluorescence (XRF), X-ray Diffraction (XRD), Scanning Electron Microscopy (SEM) and Fourier
Transform Infrared Spectrometry (FTIR). The results demonstrated that the suitable dosage of fly ash based
geopolymer was 2 ¢/L, the contact time was 15 minutes with the adsorption efficiency of 97.35 percent for the
initial brilliant green dye concentration of 100 ppm. The isotherm of brilliant green dye adsorption by fly ash

based geopolymer was consistent with the Langmuir isotherm. The kinetic adsorption corresponded well to the
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pseudo- second order model. Furthermore, the positive enthalpy value and the negative Gibbs’s free energy

indicated that the adsorption process was an endothermic and spontaneous reaction, respectively. The results

from this study demonstrated that the geopolymer material synthesized from low-cost materials had potential

applications for water treatment and remediation of hazardous dye based pollutants.
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Table 1 Chemical composition of fly ash and geopolymer (wt%)

Components Fly ash (wt%) Geopolymer (wt%)
SiO, 35.60 43.50
Ca0o 19.00 14.60
ALO, 18.60 10.60
Fe, O 12.40 11.20
SO, 6.61 2.42
Others (K,0, .. 7.76 17.48

Figure 1 SEM images of (a) fly ash and (b) synthesized geopolymer

100
> 80
E 60
a
c
= 40
20
10 20 30 40 50 60 70 80
2-theta (degree)
Figure 2 X-ray diffraction patterns of geopolymer
= .
S S|O'z
O-H
Si-0 :
Si-0
3900 3400 2800 2400 1900 1400 900 400

wavenumber (em-1)

Figure 3 ATR-FTIR spectra of geopolymer
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Figure 4 Effect of adsorbent dosage on adsorption efficiency of geopolymer
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Figure 5 Effect of adsorption time on adsorption efficiency of geopolymer
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3.4. msenenlalemesunsgadudfonuiadeud
nudellanediues

Tunsfinwlelemdunispaduddeuviadeusiniu
medlenedwes Ingliusinasiigadu 2-5 Taddnsviedng
mmsAnuimensesdaglelamesuuasuaudieslolewmesy
TnsIsuifisuaunisidadunagansfiveslolamosu
lanan1snnaedLanids Table 2

nvisesnavlelumesu Weanuglunisgady
(Ky) fiAndu 1090.5929 mg.g(mgl )" uaglelumesu
magadu (1/n) fandu 04446 uansisituiiavessagady
U5

Mnuaadleslelametu manuglunisgadu (k)
vaslenedies fandu 0.04 (L/g) Sruiugeanveddon
souminvesilenediuesiléidusigadu (v,) veq
Flovedwes fiAndu 12500

\dlowFsuiiisudn Correlation coefficient (R?)
vosseunavlolawesy uazuaadeslelunesy daAndu
0.9746 uay 0.9843 Ay T R flelndiAsatuann
Fidudaiaasfinisuenvosuandssuidislunis
fiansmdndu Taedn R, TA1 0.107 F3 0 <R < 1 1Ju

nsgadulvinzay (Favorable adsorption) Wan431N13

Table 2 Adsorption isotherm parameters

andudauusaldeudnsu aenndasiuraaiiesialumasy

U

NIEUIUNTYATUIRANTIRATULUUTWAET (Monolayer

adsorption)

3.5. n1sAnw1raunaAtansnisaadudden

a = g ' = a 4
UsaldguAnIualedlanadiuas

aaa

NauUNaMIanInITgadu lned@nwrufnsen

[ A

susunilaaiiounavufisenduduasaaiiouveinisgadu
WAENIAIIAUAIAATVOITNIIINYAAARAL AT Y

284057 leAAsnnauanaly Table 3 wuin Correlation

[ =

coefficient (R?) vaen1sAnw1Ufiserdusunilaaiou
wazdudugesaiiouvenisgaduddonusadeudniumie
Fenediwes TA1du 0.2525 war 1 Auawiu wanedd

nsgeduddeuuIadivudniu medlonediueiaanndas

LYY

fuujisendunuasaailou

NN LUBUTYUIUAT Qo) WBY Geea

' [ A

wuIisendudivassalioudialndifiseiu Jelddudu
1

v

1891 n1saaduddeuvsadsudnsusladlenaduss

U

aaa 1

gennaednuUfitendudvasaaiou Jallogungi

WLTY AAeTSnsIduRUasmileu k, asifindu 1Wunis

gudulsindunszuiunmsgannuiou [19]

Freundlich isotherm

Linear equation R?

1/n Kr

y = 0.4446x + 3.1432

0.9746

0.4446 1090.5929

Langmuir isotherm

Linear equation R?

Nm KL RL

y =0.00008x + 0.002

0.9843

12500 0.04 0.107

Table 3 Pseudo-first and pseudo-second order kinetic model parameters

Pseudo-first order

Linear equation R? Ge(expy (ME/Q) Qeteay (M/Q) K,
y =-0.0032x + -0.0416 0.2525 48.56 200.00 0.005
Pseudo-second order
Linear equation R? Getexpy (ME/Q) Qeteay (M/Q) K,
y = 0.00002x 0.0728 48.56 50.00 100

19



NIaTInermansuazmealulad unInendeauasivsiil U9 27 a

3.6. nMsAnwrguunariansnisgaduiden
Usaidsudniudieilenatiues

Han1sAnwgmiivein1sgaduddonuiadeud
n3usien1speduvesileneadiues uansds Table 4

devnan1sAnwiguugivesnisgaduddon
U3aldeudniudenisaaduvesilenedwesnionnsiv
ANNTEUATI 581919 InK_ AU 1/T Aanansly Figure 6
1NA1AIUTUVINTIN 98ld AHC (Enthalpy) H@An

+36.18 kJ mol! A1 AHO WuuINLanIIINsEUIUNIT

a

Uil 2 WhsungunAu-damnay 2568

anduiduujiseigaanudou uazanyadaunu azld
AS® (Entropy) 38w 143.70 J mol'K! A1 AS® 1Tu
UIn wanedbiiudnszuIunsaeduinaililuiana
vosfigaduuafigngaduiivinusesrevesituii
shgnduifusigngaduiinnulifussfouiugedu uas
IINAITAIUIUNT AGD (Gibbs free energy) Tiflnane
nsgatunuIgungiuUsiunseiu AGY na1ade ile
dingaungfl A1 AGY fagiiuTudae Snvis AGe fandu

au waneIINsEUINNSRAdUinTald

Table 4 Thermodynamic parameters for adsorption of brilliant green on geopolymer

Temperature (K) InK, AG° (kJ mol?)
293 2.51 -6.11
303 2.75 -6.93
313 3.51 -9.14
323 3.76 -10.11
333 4.23 -11.72

45

..
4.0 y = -4.3514x + 17.284
... R? = 0.9729

35 .. ®
g T
£ 30

e
2.5 . ®
2.0
3.00 3.10 3.20 3.30 3.40
1/T (x107%)

Figure 6 Thermodynamic parameters for adsorption of brilliant green on geopolymer
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o o o
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o v A
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LV

o a

wWasuuwlamdsnudaszveaivd (AG°) fianduau uans
Wiwuijasernisgaduiinatuiesld Asdunisi
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