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Abstract
Penpolcharoen, M.
Dye-adsorption capacity of bituminous fly ash and its pozzolanic property
after used as dye-adsorbent
Songklanakarin J. Sci. Technol., 2004, 26(Suppl. 1) : 85-95

Bituminous fly ash, which is an industrial waste, was used as an adsorbent to remove dyestuff from
the textile-dye wastewater. The batch kinetic and isotherm experiments of the synthetic wastewater were
firstly conducted to determine the adsorption behavior and optimal conditions for adsorption. The optimal
conditions were then applied to the actual textile-dye wastewater. Under the original conditions of fly ash and
wastewater, the results indicated that the color could be removed up to 86.65% by 12 g of the fly ash /L of
the wastewater within 30 min. Its adsorption was described by the Freundlich isotherm. The dye-adsorbed
fly ash was further studied on its pozzolanic property in terms of compressive strength by using it as a partial
substitute to Portland cement type I to produce mortar. The result revealed that the highest compressive
strength was of the sample containing 10% by weight of the dye-adsorbed fly ash in replacement of cement.
It possessed 215 kg/cm2 at 28 days, which is 92.67 % of the sample containing 10% by weight of the original
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fly ash in replacement of cement, or 83.33 of the cement mortar. For the environmental concern, leachabilities
of lead (Pb), chromium (Cr), copper (Cu) and zinc (Zn) from all mortars were also carried out. No leaching
of the heavy metals from any samples could be detected. Hence, the dye-adsorbed fly ash can be used as an
environmental friendly construction material.

Key words : fly ash, adsorption, pozzolan, compressive strength, leachability,
textile-dye wastewater

UNAAYD

WA LHRYHALIIEY
U AV Y A
A1 NNsalumsandy” deurgy

Hanady " donvaatmaunuLNiN

U

“‘wazga uUAdexlsay

v A

3. qUAUATUNS NN, 2547 26(@UUNLAY 1) : 85-95

v 1 a a a v A [ =S Y o Y o U U A v Y A 4 t&l v
inauiudnid Faduvea sga mnsndlahmnlidudigady Wendeurmou * Tagluibiesdy
L™ “aansilumsfinnugAnssumsgady wazm anziuen: slumsgady vesthauiiy 910
Janmnlanlinaassnviniavedlsanuendeurdu ©  wamsanmwunaausiv 12 aFuAnNNe 1 ans
nNIaMia~laas 86.65% luia 30 i laglideslsulysganinla 9 vesnamauiiunazinia ey
U A o . A o v 1 a [y U AY v v ~
lag uaaveImsnady iluuuy Freundlich Isotherm iteinmauiiumendigady deauanlsunun
~ ¢ ¢ ¢ A Ao ' ' A = wa a o v ¢ '
YuFuuddesauaudilszianit 1 185 e q wefinmga uiddeslaalasndaidunesminun
" e oo o 4 4 a4 Y, 4 e 4 v A«
Mmasiuusidn il adleunuiii 10% lagwnnin Fadiandy 215 an/asan. foiguy 28 Ju Aaily

ed o

92.67% weaneimsNldhauAvlafunuiiuduudndan wdsiny vwie 8333% weameimsnlyyu

]
= |l

v Y v U =\ v v é v 1 Q'J
Fumeaiy dednnmavzaravelanznimiluiuniiegly dondn Falaun azny (Pb) lasudien (Cr)
v =S cV ¢ 1 = U 1 &’ a é’ ¥ Oq.ll 154 .;:24'
NBIuAY (Cu) wazang™ (Zn) anuasmsnunliuinsszazarsvedlanzriinmariinaiy AatuNasasH
31 nnsmi lflFnulassalagli mansznune " awaas

Adsorption & pozzolanic properties of fly ash
Penpolcharoen, M.

. 2 L

aa 1wnIsnnandonuaz " anadnisldinle
NTELIUWMINAA WU wazluniswendanudas
asvazianis e danlddsenim 50% 1iesann
“HanfdldiuogluigiudaduUszianiuaaiin
(Reactive Dyes) tialalaslad nuwylansandaves
Tuanatinlédndinvasluana™ (Pearce ef al., 2003)
S T SV . o o M
insnunideudia“wandan  wudrtninrstndalé
Aaudneenn nskdiszuunznanise (activated sludge)
sanulauangadus (coagulation) w3alauaneiad
L o 4 » . o da.
JNNUaan TGN INLAN (chemical oxidation) gl
Auagialudu  wuddslidse “niaménagitasan
“wWanflandas araldionn BnYETINLINNITANRIVDY
“UInnNeiY WRIILEAAINNIIQALL " VR I9nTNW

Adlunszurunstnga (Grau, 1991) ffagiueuide
madunstnTasinnelssemnangensn Soxldis
nsQadiu (Karcher et al., 2001; Al-Ghouti et al.,
2003) laglddrgaduninde g ﬁ?@@%ﬂﬁﬁﬂitaﬂﬁ-
w9 @ ldun duiidug  wadda sfe seuws
(Voudrias et al., 2002)

ihdudu uren sge mnsanildainnns
wd niniotendanlildlunszuinnisnda
nszu
audAnaiadnidl 1ndeninszay

R AL UL T I EENAN L LIRS X AT (R
ANndayazay
Tsennulull we. 2546 wudnduSumie 50,000 du
PNIIBI8UDY  Voudrias uazame (2002) WU LE
fudiu nIngedu fonrdaiuaainld wananidu



2. WAUATUNS NN,
0 26 @uiey 1) 2547 :
ANAdoNUAZYRL BBUATY

D.

AN pnsalumsgady”uazqa uAdesleay
et uAudnaiy
AR LRYNALYSRY

'
[ a

e wAngs wrsan i dny an uiinlnen

q
a

a | v v 4' a o 1
fauNIAAN g Ieshaiasnnidefinatadsens 1o
WNANAsFuusesaandFisentaaleain (Erdogdu
and Turker, 1998; Isaia ef al., 2003) ANNUNI®
| >3 > o Ar a
ADANNG  (LIRAT LAE wIeAeNA, 2546; Usqan
LaEAE, 2546) ANNNUBMIBABNTA (81113, 2540;

[ 6 o A" !
UINAT AT HIIAFNG, 2546)  ANNNUNIUAIAIN
Wa (Aaalsd) waznisiia B ( Jua uazame, 2546;
Benjamin ez al., 2000) 1Juéiw

&I o o > 1 a a
UNAMNBIL UBNIINARDIH I ATUAUYIG
Dyfisl” alddudagadu™Fondiu udsindauin

o o A w v & @ a
nenasn13gadu” i lunasesldiduy an wins

PN o = ¢ A a oy & A |
unuinsldyniimudivonianaidng iesanwuin
WaudAnsiendam sialslaau (waan, 2546;
Tanswd uazeme, 2546)  ¢eiBasiazdaaldnng
o o a :/ : % 3, o v A 1 v
e e lsenunandanduniinda “agrennas

v o 1% ! a ¥ 4 1 1% oA
uazfadunssiniauduanldszlomiadneduadn

@

[Qleld]
vl 4 ad =g
7 o adnsaiuazizmsann

T aily
WawAndinianlsendanszse i lwiae

[y

Jniaszpasuaztinndlaglaiinsysuygsamninlag
MW 1w lWdnsuan3adauanuin Mn1IIAIER
am wianmManmvasiauAndnin deldud
NIRITUINBUNIAGILLATDY Malvern Mastersizer
nsAesIERan MLz 3UIvesannalagn g
NWBEEREY 96eLAIaY scanning electron micro-
scope (SEM) mImaiauazidaadieds Air Blaine
permeability a1ux19331% ASTM C204 (1997) wac
mydezigm Ndanelvasiamiudndl de
35 X-ray fluorescence (XRF)

¢ Ao eV v 3

W™ “nasdldsuauasiziainlisiunan
s e A e o 4 4 X odag o ooa
Houdndu “uienits Tow nIuNaldvandonaSeineg
auidnduuas” Benecion dyestuff 15 wn./aqs
B T T v
(“nanSuaaiiv) utianie Bawnniifiszadlse

[
=

o v A € 1 a o X & o | &
wanfionmdu “wrseeaiun  legAudladietinng
D T o 9. -
AMNUaYsy AnadadulatiiNesinwaswnlFiasrie
Vulgfianaznan Mnsiensiansme Naue9tia
a o 6 c;v é’ d! % 1 1 U
WATITRUAZINN Telun A pH waze1anNen
4 4% a o s d .
Al 9 ANU gnanauneeaIay UV-visible spec-
trophotometer tWaldlunsduimdTum”

=2 v A v 1 a

MIANEIANN BT lUMIady VoMY

4 Y XAy oad &4 -

Wasaninne” danil T vluwideudu g naneuiia

=2 a o é’d \v\;v a o =2
NuAn#ITeRIgldin " “uaszdlunsfneniduuy
vay wgan1sgatu vaudidiuin  laanaasin
Usnnainduiuimann: slunisgadu™in™ “nesned
flow NBUH AT AN szaza Wl 1iwewdn |
A1 WOATBINIQATL” waTANHIUMLLIEY NAA
n3gadiu” (adsorption isotherm) lun1snaassudas
&9 4 A 4 4 =
mﬂmmmmuamsm @ (Jar Test) TMAILANAIN
= v o 9o da = o
$rwaensnan A Tesnin 100 seu/mil wazhins
AnNgMngdey Wo u antmaasadiniuinas
1 & o a 6 1A aa A 1

gnnsasaan il shludieszAuSinm Nvdesy
¢nea3as UV-visible spectrophotometer ludiaan
aaluldmnisnesssnidiz ninwnisgadu ves
inslssnunandandiiu®  laald azareg Al
NNNsfnENIgaduinT e

msfnyga uiAdeslsauveamauiu

eSS (AauNIAfA un NBIUHNUA N8
waziin) mndadne 18e uyuiaudnag e
i 1:2.75 lassiniin ANNINIFIN Nan.15 wan 12
(2532) wazansn 'auﬁwdaﬁu%muﬁmﬁﬁ 0.63 @il
AN wminmvlﬁmmmmgm ASTM C109 (1997)
WaaNaSE5TIN 5x5x5 @, laglddduinunui
Yudaud 0, 10, 20, 30, 40 uaz 50% lagwiinin
annstuiinldunludastu 24 alus Senaauuvasn
inlutndalugn 2010 wasiinIme pUANEITULSS
é’ﬂ‘ﬁ'mﬂqﬂs\l 7, 14, 28, 56 waz 90 1 e1u35 ASTM
C109 (1997) (ﬁ'mm%iaa Universal Testing Machine
(UTM) fadaiinndasinisunuiiuaznnongiaas



Songklanakarin J. Sci. Technol.
Vol. 26 (Suppl. 1) 2004 :
Environmental & Hazardous Management

Adsorption & pozzolanic properties of fly ash
Penpolcharoen, M.

‘;’ 1 U d s 1
Ww3sNTunagneaz 5 fau Table 1 1 asTaL3ana 081
waz UK Nuasudaiaatng (anwainlHSantadn

| Ao X = o eaf o a & o
aevda STD wanan Naﬁﬂﬂi‘ﬂl’ﬁﬂju‘ﬁmu@a’;u
1 o 1 a U € v 6
(VLNNLmamﬁu) Lmﬂmﬂuuasmimmgm O wxng
= € eafay o I PN a a a &
iy wasdsSnldidauAnundununyuidinug uaz D

= Cu eal ey o 1 a o o a a
Wiy NasdE sl dduiundege s ununyu
Tune  wduavTnesnes nunahe USunmSesas

¥ T T A
logrimsinaaadauind dununyudiaund)

= 4 LY cY o
MIANEINIBLAVedlanzHinINNBIMS3
fad1vNasFIsnendineg aufavdandn
$HINING dUNNITEREA18VRINEN (Pb) lasiilen (Cr)
navked (Cu) wae 9ne™ (Zn) Fodulavienibnidung
nwideanadlusinnslssounandandin  Tassiin
o v ad o A
Aade3d e 13N A1 pH 5 awiszniansznsg
90 WMN3IN ATUN 6 w.a. 2540 91nuntnf Aald
WU alareming83% atomic absorption
spectrometry (AAS)

Nafﬂﬁﬁﬂ‘lﬂLLﬁ$ﬂ1‘§3tﬂi1$ﬁ'Nﬁ

A Aav

A NUAMIMEMNLazMaATvasLmUAULN

U

HAN1TIA TR NEMEIUI VB a AU
AwangagneAnas i aslu Figure 1 Toazifinléiin

Table 1. Sample name and its composition.

£ 1 a a gd [ = 1 1 1
NN WRARYBALNUWIALEN ugﬂswwmmmﬂmmuau
a . a 6
hazNIWIBNIn (Figure 1: A)  91nn19taIeRanIe
. 4 . D
ARNIAAILLATD Malvern Mastersizer Wu11 Lan
duAudawiaads 42.97 lulaswas  wazdedw
aztda@ Air Blaine i1y 3,900 as.am./n30 A N0
waidan sHadanw wnsalunseadu”
NANNTIAIILFRIAL TENAUMILANYBILEN TN WAL
wWisuisuiuvesyudauau aslu Table 2 @9az
=3 1 % | a a 6 o A aa .
WindudaudAuieanloanands @@ (Si0,) waz
agiu1 (ALO,)
waatdanaanlas (CaO)

' = ¢ & = ¢ o a
'J%ﬁN%sﬁLNu@]H%NaaﬂvLGﬁﬂﬁﬁﬂﬂa

[ A K = K (4 K Qy
an¥az uAvedn” aanzHinazinialssnunen
4 Y A 4
goNENBY

& Ao 6a o a a

17 ezvianwmel  “dasues  Hen pH
Wiy 6.50 uazA1n13ganan” (absorbance) LNy
0.172 PANE1IAa% 9.0 539 wiluwwas uinna
lssunantian wuinden pH lnddaeiuda 6.73
udensganan L 0478  MiANEIAEK 9 0
522 wiluiwas anwmesinnegu wazil “Tnuinanaues

AIN1IQANEU " LAZAIAINENIAAY 3 afl
LANA1SAHIENIN " “as1zAuasiislsssuvan
. v ox g X . .
flan hasnluinfsinstuwianues 196199 Nld
lunszuiunsfion aunaesiuaz wlafieneg

Binder (g)
Sample . Sand (g) Water (g)
Cement Original Fly Ash  Dye-Adsorbed Fly Ash
STD 56.0 - - 154 35
010 50.4 5.6 - 154 35
020 44.8 11.2 - 154 35
030 39.2 16.8 - 154 35
040 33.6 22.4 - 154 35
050 28.0 28.0 - 154 35
D10 50.4 - 5.6 154 35
D20 44.8 - 11.2 154 35
D30 39.2 - 16.8 154 35
D40 33.6 - 224 154 35
D50 28.0 - 28.0 154 35




2., UAIUATUNS NN,
N 26 (gAY 1) 2547 :
SaedeNuazvedl  gduATY

ANy nnsalumsgady”uazam atfdeslaearu

89 YDA URAUT NN
U

AR LRYNALYSRY

(A)

(B)

Figure 1. Size, shape and texture of the bituminous fly ash:
(A) Original and (B) Dye-adsorbed.
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Table 2. Chemical compositions of the bituminous fly ash and Portland
cement type I (% by weight).

Chemical Content

Bituminous Fly Ash  Portland Cement Type I

SiO,

AL,

Fe,O,

CaO

MgO

Na,0

K0

SO,

Others

Loss On Ignition (LOI)

38.65
22.69
7.90
18.08
2.43
1.20
1.62
0.06
1.45
5.92

20.26
5.99
3.10

64.99
0.91
0.07
0.50
2.70
1.38
0.10
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Figure 2. Effect of fly ash dosage on dye adsorption.
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Figure 4. Adsorption isotherm of the dye on the fly ash by Langmuir model.
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Compressive strength of the sample at various ages and fly ash contents when

replacing cement with: (A) the original fly ash and (B) the dye-adsorbed fly ash.
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