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Utilization of Fly Ash-Based Zeolite A as an Efficient Adsorbent

for the Removal of Cationic Dyes from Aqueous Solutions
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Abstract

In this study, zeolite A was synthesized using silica extracted from fly ash obtained from the Mae Moh
power plant in Lampang Province. The synthesized zeolite A was characterized using XRF, XRD, SEM, and BET
techniques. The zeolite A was then utilized as an adsorbent for the removal of cationic dyes, namely malachite
green and brilliant green, from aqueous solutions. The optimal adsorbent dosage and contact time for dye
adsorption were investigated. The adsorption isotherms, kinetics, and thermodynamics were also investigated. The
results indicated that the optimal dosages of the adsorbent for malachite green and brilliant green removal were
10 ¢/L and 20 ¢/L, respectively, with an optimal contact time of 60 minutes. The adsorption efficiencies were
96.00% and 95.91% at an initial dye concentration of 100 mg/L, respectively. The obtained adsorption isotherms
corresponded to the Langmuir isotherm model. The kinetic studies indicated that the adsorption followed a
pseudo-second-order kinetic model, suggesting monolayer adsorption on specific surface sites. The thermodynamic
analysis showed that the enthalpy change (AH°) was positive, indicating an endothermic adsorption process. The
entropy change (AS°) was positive, implying that the adsorption process increased the disorder of both the
adsorbent and adsorbate molecules at the adsorbent surface interface. The Gibbs free energy change (AG®) was
negative, confirming that the adsorption process occurred spontaneously. Zeolite A exhibited high reusability,
maintaining effective adsorption performance for up to 8 cycles. These findings demonstrate that this fly ash
based-zeolite A is a highly efficient, cost-effective, and environmentally friendly adsorbent for removing malachite

green and brilliant green from aqueous solutions.

Keywords: Zeolite A, Fly ash, Malachite green, Brilliant green, Adsorption
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Figure 1 Structure of malachite green
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Wnawslilunueunihveanguide [10] Fells1vaziden

i

2e

a ¢ a '3 = s
HANTIATIBUTIIME M eeAYTENOUTRTlalad

1@ Mewmela XRF nul dnsauluaves SYAL awindy
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1 Fsmeandosiunuddiiuen [15] nansiigatiendnual
memaia XRD nuidlelad 18 duasizianiinase
wsitnediduma 2 Theta adnefusuddofiiiuun [16]
Feawnsaduduldinludlelad o waznanisiigad
ndnuaidiewmada SEM wuindlelad to duasieiid
Snvuzdugunssdmdon Bandndlelad w0 Tued
anysol uazdinianszanedvesgngu Mufiiadimeuas
Usinassinvesgniuvesdlelad 1o fdansesilaiie
WU 37.10 M 9BINTABNSY Uag 0.06 gNUNARLEUALNAT

fansy auansu [10]

3.2. nMsAnwIUSHIRRIgaduTmuIzauYe s
Flalad 10 Tun1sgaduddouuiailad n3u wazddou
Usaldeud n3u

nansAnIUTINigaduTnzauvesTlelad

19 LAAIAI Figure 3

7 :,;:_’—/—an—-

80

60

—e— Malachite green

Adsorption efficiency (%)

—m— Brilliant green
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Figure 3 Effect of adsorbent dosage on adsorption

of malachite green and brilliant green by zeolite A

nsgaduddousnantad n3u uarddeuuiafoud
n3u Fredlelad 1o Aeududu 100.00 fadnfuredns
U3u1m5 25.00 Haddns narlunisgadu 60 wil Ade
Usunaudlelad 1 4.00, 10.00, 20.00, 30.00 waz 40.00
NTUADANT WARINANITNAABIAY Figure 3 WUI1
Usgdnsamnisgaduddenuiailad n3u wavddau
WSadoud ndu it udloldusinavesdlolad o windu
wsensinUInmvesdlelad e Wunisdfiuyiuna
fiufifnlunisgadu n1sgaduddonmnanled ndu Weiiu
USuuvesdlelas 1o 910 10.00 §9 40.00 nSusadns

Uszandamlunisgaduiiniuiisndntos wuin

Uizﬁm%mw‘l,umsamﬁ?fuLﬁuﬁuaéwalﬁﬁﬁsﬁwﬁm ilosann
Tuianavesddauananlad n3u gngaduaunun fdu e
WaUamesdlelad 1o 11nndn 10.00 niudedns Flsi
finasion1sgadu uazdmsuddenuiadoud n3u e
Usuavesdlelad 1o 910 20.00 1w 30.00 nSusiadng &
Usgansnmlunisgaduidiindufivadndosain 95.90

s & ¢

Wosidud 1Ju 98.80 wWasidud nuinuszansainnig

oy '
¥ a1 o o oA

aaduiinuegsliidedfy esanUszdnsninnis

U

a_ a a a v =

aaduddeuvialdeud n3u Suddauga wagiile

U q

v v '
v o a

Wisuitsuimindlld swuidedlddmindiuanngud
1.5 i1 910 20 18y 30 n3udedns FeiluszAnsniwnis
gaduiiintuiios 3 Woddud woarwdudilunis
iluldausidugaamnssy dadu Vinamesdlelad 1o
Amnzaudmiunisgaduadessnailed n3u uazddey
Ualdgud n3u fio 10.00 wag 20.00 nfuredng nie
0.25 uag 0.50 niusia 25.00 daddns laedusyansnn
n139Adu 98.27 wag 95.90 wWasidud audwiu Tngli

Uszdvsnmnisgaduaannndy 95 Wesidus [17]

3.3. msAnwariimunzaulunisgaduvea
Flalad 12 Tunrsgaduddonananlad n3u uazddon
Usaldeud N3

naMsAnwIRAesIgadUTivsNrauvesdlelad

19 LAASAS Figure 4
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Figure 4 Effect of adsorption time on adsorption of
malachite green and brilliant green by zeolite A
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nsAnwiuaigaduiiminzauvesdlolad 1o Ao
0.25 31 (10.00 N3usDdAS) Uaz 0.50 N3 (20.00 NN
Aodng) dmiunisgaduddenuianlad n3u uasddou
U3aldoudt n3u muddu Tesnanildlumsgedu fe 15,
30, 60, 120 hag 240 Wil MHLanINan1TMAaBIRY Figure
4 wuUseAnsamnisgaduansazateuInsgudden

1nanled n3u wasddauuSadaud nSu WNNNTU Wil

v '
= o

nalumsgeaduiintu idesnnanniuddeunailad
n3u warAdeuuiadoud nju aunsounsludiiuiaves
Floladt 10 inTudoiunalumageduain 60 s 240
Uil Wesldudnisgaduiingin 96.00 i3 98.76
Wesiud waz 95.91 fv 99.01 Waedldud mudndu 3

o

watunsgaduan 60 fv 120 wiit Wesidudnisgadu
Lﬁuﬁuaéwnlﬁﬁﬂ’sé’ﬁm Faduainnsnaaesnuiaai
ldlunsgaduddonunailad n3u wavddeuuiaidoud
n3u fumeandmiudlelad o fiduasginndiaes
Wil Ao 60 urM HAusganEaMNIsgaduminiu 96.00
war 95.91 wWesidud auddu esanidledinnanly

msaedurlivssansnmgeduiinduiisudntes (18]

3.4. n1sAnuwrlelemesunisgaduddon
walad n3u wazddauusadsud n3u aredlalad 1o

lunsAnwinisgaduddeusnanlad n3u uayvd
donviadoud n3u fMedlelad 1o lelumesunisgadud
Tddnu1d 2 lolowmesu Ae vsevdvlolumesu uag

a s o =] a '
waafleslelawesu IngvinsiuSeuiisunanisnnassin

Table 1 Adsorption isotherm parameters

gonndosnunsesdvlelemesu wissuaaudleslolamesy
wilelUSeuifisunn correlation coefficient (R?) Vo<
Wyosdglelomosunazuandeslolunasuvoinisaadu
ddounnanlad n3u wazddouuialdoud n3u medlolan
19 wulndenndesiunaudisslelawesy auansly
Table 1
nnsAnensesdvlelawmesunazuaaiies
lalowmasuvenisgaduddenniailad n3u uazddon
usaldeun n3u medlolad Lo wuin Wsesda loluwesu
TiAauglunisgadu (Ko fidndu 533.45 uay 60.55
Arnauudeustlunisgadu (1/n) Sandu 0.36 way 0.75
HavnNsAnykasdeslelunesuirmanuglunisgadu
() fidndu 0.25 waz 0.00001 T1uIUFEAVDIFIGN
andusiotminuesilelad o Alfdusagedu (N,) fid
u 2000 waz 1428.57 FaufleSeudisudn correlation
coefficient (R?) ¥pensesdvloleinesunasuaniss
leleinesuvesnisgadu wuisesdlelenesuie R?
fio 0.95 way 0.99 waudleslelawesuilA R? Ao 0.99
war 1.00 Far R? fAlndlAseiu drudaihAiasiives
waadles wiefiiendn Amsfiniswen (separation factor
of Langmuir, R_) 11928luni1sedune lawai R faAN
0.01 waz 0.99 ¥3 0 < R, <1 Wunisgaduiimuizan
(favorable adsorption) wansliiiuiinisgadudden
warlan n3u warddeuvadoud n3u aedlelad Lo
aenmdasiunaadeslelumesy nsvviunsgaduinnis

AAFULUUTAYY (monolayer adsorption) [7]

Malachite green

Freundlich isotherm R? 1/n Ke
y=0.3649x+2.7271 0.95 0.36 533 45

Langmuir isotherm R? N, K. R.
y=0.0005x-0.002 0.99 2000 0.25 0.01

Brilliant green

Freundlich isotherm R? 1/n Ke
y=0.7487x+1.7821 0.99 0.75 60.55

Langmuir isotherm R? N, K. R.
y=0.0007x+0.0213 1.00 1428.57 0.00001 0.99
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3.5. MsAnwRaunaAraasnisgaduddan
walad n3u wazddonuiadeud n3u dedlalad 1o

TunsAnwraaunamanvesiagaduiimangas
vos3lalad 1o lun1spaduansarateddonuailad nsu
wavddenuiaildeud nu Awanslu Table 2

INMsAnyIauNamansnispaduadaumnala
n3u warddouuiaduud n3u nasazatemedlolas
10 Tu Table 2 wuiraunisufAserdusuniaiadouls
AUNIIEUATT y = -0.0325x + 8.1065 wag y = 0.0083x
+3.2488 A1 R2 = 0.96 Way 0.86 WagA k, = 0.03 Lay
2.12x10° auadiu UjAsenduduasnataulaaunis
WEuRTe y = 0.00008 + 0.000001 kay y = 0.1921x +

0.5902 3iA1 R? = 1 wazA1 k, = 0.01 WAz 0.06 ANAINU

s

ety Jsasulidnnaunamanslunisgaduddousnalag
n3u wavddeuusaldoud nSu medlelad Lo NduLATIER
INTFanmainaindtaselselndiudiuny denadsaiu

AunTsouRUEBAEL DY [7]

3.6. N1sAnwIUUNaAIansn1sgaduddau

(4 Gl =54 = = L4 Gl }73 = L4
wanlad n3u wazddouuSadoud nsu aredlalad 1

gauniven1sgaduddeuuianlad n3u uay
ddauuialdeud n3u den1sgaduvesdlelad o dauans
Tu Table 3

Table 2 Pseudo-first and pseudo-second order kinetic model parameters

Malachite green

Pseudo first order R? Getexpy (MY/Q) Gecay (Mg/2) K,
y=0.0325x + 8.1065 0.96 12.24 3.32 0.03
Pseudo second order R? Ge(expy (M) Qetcay (ME/S) K,
Y=0.00008x + 0.000001 1.00 12.24 12.50 0.01
Brilliant green
Pseudo first order R? Qe(exp) (MS/Q) Gecan (MS/8) Ky
y = 0.0083x + 3.2488 0.86 5.15 1.17 2.1x10°
Pseudo second order R? Getexpy (M/Q) Getcay (ME/S) K,
y = 0.1921x + 0.5902 1.00 5.15 5.20 0.06

Table 3 Thermodynamic parameters of malachite green and brilliant green dye

Temperature AG° AH° AS°
(K) (kJ/mol) (kJ/mol) (J/molK)
Malachite green
293 -8.66
303 -12.83
75.68 289.70
313 -15.24
323 -17.43
Brilliant green
293 -5.83
303 -7.50
54.78 206.54
313 -10.18

323 -11.83
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mnmsanwgamaiililunsgeduadomsnanlted
n3u warddouuiadoud nju Aiflwadenisgadures
Flolad 1o A1 AH (enthalpy change) WWuulnuansin
nszuIuMsgatuluUisengannuteu uaziilerian
A1 AS® (entropy change) A1 AS® Wuuanuansliiviuii
nszvuMsgaduilinavilnluianavesiigaduuazsign

a o [NV Y) v

Qm%’uﬁu%mmiaam'asuaQﬁumm@m%ﬂumgﬂ@mw
mm"l,mﬂuizl,ﬁauﬁuga%u LALIINAITATUINT AG®
(Gibbs free energy change) ﬁﬁma@iams@m%’uwuiw
gunniiudsiunssfu AG® nanafe Weliiugungil al
AG® Ranifiududae Snits AGe fanduau wanain

nszuIUNIRRtuIintuedld

3.7. MsfAnwdszAniamnmsidisagadunduan
¥ dmTunisgaduddennnanlad n3u uazddon
a = L4 = } 73 L4
vadisud nSu aledlalad e

nMsinuUsEansamnsidgadundunld
Tnddmiunisgaduddonunalad n3u uazdday
USaldeud nSu NANNWNTY 100.00 Aadnsunedns
Usuudigadu waznailunisgaduidenauideuled
wingay wazneuldnuluudazaisdlelad w0 Alduaign
ldwnfigungdl 400 esmwadea Wunan 2 4alus
~ o v a v a I v a 2
Wardnddeuneglulasiadravesdlelad 1 31nwa
nsfinwagdiulddndiotdmgaduihndunildivinane
ATy il szdniainnisgaduiiuuiliuanaaiie
I3 3 v & v < A o ¢ a
Wnee daludsasuladlelad o ndwasiey &
Uszansamlunisgadugnlaas 8 a3 Feliusednsam

msaeduinnndi 80 wWasiiud wanadislu Figure 5
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Figure 5 Reusability of zeolite A
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