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NUTTAPONG PHACHAN: DEVELOPMENT OF GEOPOLYMER
MATERIAL FROM FLY ASH, CALCINED KAOLIN AND PORTLAND
CEMENT. THESIS ADVISOR : ASST.PROF. ANURAT POOWANCUN,

PhD,, 71 PP.

GEOPOLYMER/GEOPOLYMERIZATION/FLY ASH/CALCINED KAOLINPORTLAND

CEMENT

Ordinary Portland Cement (OPC) is one of the most used materials in the
world. However, OPC is an environmentally unfriendly material. The production
process of OPC requires high energy consumption and releases large amounts of
carbon dioxide (CO,). Geopolymer is an excellent candidate for using as a cement
replacement material. Geopolymer can be synthesized from various kinds of
aluminosilicate materials including fly ash. However, only high-quality fly ash is
used to develop high strength geopolymer. There is not any technology for developing
geopolymer from fly ash (FA). The aim of this work is to develop the room
temperature curing geopolymer by using FA and metakaolin (MK) as the precursors.

The results show that the addition of small amounts of OPC is required for
obtaining the high strength of FA-MK-geopolymer. By adding tiny amounts of OPC,
i.e., 5 weight%, the strength of FA-MK-Geopolymer is higher than that of OPC after
curing at room temperature. The heat generated from cement hydration is sufficient
for the geopolymer hardening process (geopolymerization process). However, the
external heat curing is required to obtain the high strength FA-MK-geopolymer which

lack of the OPC addition.



After curing at the 60 °C for 7 days, FA-MK-geopolymer that contain FA/MK
in the ration of 1:1 by weight obtain the strength of 42 MPa which sufficient for

engineering application.

The knowledge of this research reveals the method for utilizing the hazardous

waste, i.e., FA as a valuable material.
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A 1 d a ] a A A a aaa 9

MousnvdsudAliaauIuDIguvgil 1200 ssuraded sz laasdszney

P! a J J . . . a aaa o
unaiBonezgiiuauazmeos 15a (Calcium aluminate and ferrite) uaziinl§ATerauysain

gaungil 1350 oeruwAITod YUDIQUNYI 1400-1600 DI UTALTYA (AANITNABNAITINAY

Q Y

4 d a ¢ ) a 1 4 2 " o a 2
Wuiaanyua VNUUICYNAAYUNYUDYWITIALTIBITINAADDAIINITINANAN (Crystal) 11!

[~ A 9 9 ° a a (& A ' " @
wiayu e Tdlayduudrnzgminnuataz@uustddunesislumsniiwainisnedives
= 4
FUA
J d d d
221 esndszneumuniivesudniuaesauaua
¢ ¢ ¢ o { %
penlsenoumuniivesjudmudlosauaus maasluaisiah 2.1) &

¢ o 1 '4 aa a o
penlszneunan laun unaiFeusenlaa (Ca0), Fan1 (Si0,), 039U (ALO,) UAIMAN
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9 4 [y 1 o 4
o0n |4 (Fe,0,) 000 Taans 4 Hswfuudr1dunnirfesas 90 vesudwudilesauaud
] { 4 ] 1 I
drufimdeidusenladsesuazduqnanegale laun unniliFouoeonlud(Mgo),
1 14 4
Tsidouoanled (Na,0), InunaFonsonlad (K,0), Famoilaseonlaa (SO,),
' o P 4 o v A
Tnmitisuesnlad (Tio,) uaz HeaveTamunenlad (,0,) ievhmsimesn ladmariiugy
a 1 aa '3
wldmsdszneu 4 ¥iia 1dun lasuradoudana eendseneumaniifie 3Ca0, Sio, uag
(K aa '3 (D
g9 C;8, launaFoudaing esrdlszneumaniine 2Ca0 , Sio, wagdod C,S, lasuaaiFeoy
a o a A L a a 4 -4
ogiliun sentlsznouniunil fie 3Ca0, ALO, UAZEDI C,A, naszunadouegil Tumles 154

d [
p9A1sznouUMaAll 4Ca0 , ALO, , Fe,0, 1ag 8971 C,AF

~ o o a a S| 4
A1TNN 2.1 mﬂﬂizﬂﬂmiammzimmammmﬂuumuumﬂasmmuﬂ

@Sy Iuanlsziaig, 2549)

pafalsznoumanil paslsznoumauniivesfududlesauaus
fydnuel | Jevazlasimin Aunde
Ca0 C 60-67 64.4
Sio, S 17-25 20.0
ALO, A 3-8 5.8
Fe,0, F 0.5-6.0 3.2
MgO M 0.1-4.0 0.5
Na,0 N 0.1-1.8 0.5
K,0 K 0.1-1.8 0.5
SO, 1 0.5-3.0 2.6
T . 1.0-3.0 1.0
magaydnihmindiessnmsmn LOI 0.1-3.0 1.0
(loss on ignition)
mnii iazarelunsauazane - 0.2-0.8 0.5
(insoluble residue)
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222  andavesmsdszneunan

< 9

o o wa = o 4 d Aa 9 1
mﬂmuﬂﬁuummﬂumnumﬂaimmuﬂ NUUINOIIBYAL 90 vlﬂllﬂ C,S,

A a d

& wa Y o g Aa v |4 4
C,S, C,A uaz CAF deguiaanisaagilldasiife c,s nllegluyudmudleiauaua

a

' o 4 &
Wusnngalszinadesas 45-55 sz lfamunansaaaieda ldngungil 1250 °C 3

=2

@ ] [} 1 4 a [} <
msaarwaliiulledsneudraduasilionnguungiinsedasiaisaunelszuiu 700
= a =) (] d' 4' [ g a 1 Y Yo v w
paruadea wzifanuades hinldouwlsanmilionauiuinzifanmsneda limdeiy
b4
[ 1 o a ' v @ g aan ' o
usadanoutned Inomwizlugns 7 Juusn lusaizifanisnedmiudlulfisensznin cs iy
’o’ ~ 1 Q a a L4 J [-] = ‘3
1i5ond1 laasdu (Hydration) 91mi§nsodsnarzih ldifanisaennudoutiuilszuu
500 ga/n3u Fon11 anwdeuanfnsen lewmssu (Heat of hydration)
¢ o ¢ ' &
Yududdlesauaua 1 C,8 oglavilszinudouas 15-35 Taoialy ¢;8 9zl
a 4 ' a 3 { a 4 a 4
a1 uSqns 4 juuuldun 0-C,S MavuNgungil 1,450 °C lieguugianasezilasy
[ d a a a { o a
anmwiilu 0°C,S uaziiogauingiianasaudsgangiilndssnlasanilu B-c,s Unduds C,s
a 1 a o o o (7= a £ A = A (B U 9
mlzdusglugududdlesauaud sz hilinnuusgnaiiesnniiasduqwauegaludwa v

¥
1

" a 4 g ' -
Tinamsalasuaniwen B-c,s ifu ¢, Aemagiisedanald B-c,s nnuadeshguugi

Q

A @ o

a o o v o o o 1 aan @ g A o w
Un@d mdwsefusaitliezidlulddoudredhunn Aendenniil§iserduiiezisuldes
v @ [ @ .{.3 9 ann P 1Y) %‘ [ ~ 1
usefudandenn 4 dlamiauluazanuieunnlgisouilonauiuieg luguiisu c,s
o 1 = 1 ﬁ' o A 1 1
fnvargUinves cafigdnradumasniidmidgeunii cs lu
- AT g P A o ¥y o [aaa . <
Yudumledauauaiiog Tavilszanudesay 7-15 WewaunniudrezinlgiseediesiaGa
a - Yo @ w o 9y 2 o 9y aaa A
Hamsneduiuiiansalimdsiuusdaldmeluniiedy anudeunndgiseuiionu

= L]

o 3 & a A ¢ Y A
Az gannluvuegi CAF lufusnuddesauaua sziieglasdssunmuiosas s5-10 o
o 3 0 aaa ' < Y ' aan o ¥ '
paufiwdinziil§isoednsiasuniioudu c,A uannudeusindjiseduinsiia
) 1 0 W w v é o/ ' L
thunanshigadieumi c,a annselimasiuussdn ldmalunilaugudy
d 4 J ' [ ' 1
Yudwudlefauaua ansautsesnilu 5 Uszinnlngqldmunzaude
3 lFaudszianangdimualdiininsgiu ASTM C-150 4azu1ASFIURAT 1NN TN
AT, ¢ ' o 1 1
Yuduaesauaua won .15 @u 1 faae Tl
AT ¢ { &
2221 Yuduaesauaud Ussianiniia
d ¢ o ¢ .
Wuyudmudleiauaua 53551A1 (Ordinary Portland Cement)
Jd '4 d wa
aunMvejudualeiauaud JauliAnuunsgiu ASTM C-150 TYPE 1 4aza1nsgiu
- AP ¢ ' 2 q9 Y o w
gadmnssuuduatesauaua uen .15 @ 1-2555 Yszannila anudaunazigs
o a ' a a v ] ' Y
usedathunarlFlunuasuniani llisuaunsuniamSuussdroman auneadnaswiu

a o 4 { o o 1
ﬂuuﬂ%ﬂﬂﬁﬂﬂm“ﬂ Qﬂﬂ'\‘ﬂﬂiillﬁiﬂ!liﬂﬂﬂﬂiglﬂﬂﬂ“"]
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(2 4 {
2222 Yuduailleiaaun dszaniiaes
[ d J ¢ o .
Wugfududlesauaua dauilas (Modified Portland Cement) 14
9y ° 1 19 Yo o @ ya [ IS g 4 g & Yo o
anudoumniua Imawssdalndifesnvfudmudleiauaud Ussinnnilalsdmivau
Tnssareiidesmsanunumudenisunsnduvesdamannanmuindenssauiiunai
! ¥ o 9 A 3 a ¥ ya Vo ~
wu dudenintiuGeunas Issnugaamnssy i luauuazih ldau aiuvaenensunia
[ ' <
v lng astsazwiu udu
AT ¢ {
2223 Yusuaesauaua Uszinninay
I 4 4 1 o o
Wuyudwualesauauaneda139 (High Early Strength Portland
Jd 4 J wa
Cement) fauMnuofududlosauaua JauiiAn1uaasgiv ASTM C-150 TYPE 3 uazlu
a l4 4 Jd ' Yo o o o
wasgugadmnssufudwudlosauaua wen. 15 @ 1-2555 1imadedaisluszezusn
@ [ < ' J o d °
snvazilunsazBoavuniadnuazlifiuie ¢,s mnnhuduudleiauauasssuani i
a [] [ a aan Y 9 [ o 9 o - a
mannuieshdemsfalfisouwaziianuieuge munzdumsih ldduauaeunsan
9 o g Y] [ [] 1< ~ ] &' I~ 9
desmssuthminuazoeauuuT Al IUEITuABUNTA ukuy AU uazten T dhudu
A4 ¢ {
2224 Jusmualesauaua Uszianalszianng
g AP d a °
uuBmuddesauauailszinniianaiuious (Low Heat Portland
~ o 4 Jd A wa o
Cement) N Mo udiuudlosauaua TauiAnuuInsgiu ASTM C595 magdmiy
A da & 1 ' W 9 9 o A a 9 '
Nunsunianlilsuiamassazuing vaznedaliauioudl ienndl ¢S Heounii
¢ o ¢ ' i & 2 o &
Yuswudlesauaud sssua Ilunisaeadraudoudinisiulnseadresuiludesld
14
aounzasuInlumsneaauwazasumzfamennuSouazaunmelugahldneunia

a Y a ) 9 a o o o a
melufanmsvoeaiuazifansuandaun msldjuigmudalesauauadssinnaezsn
9 a Y 9 o 1 9 o @ W @ ~ :
auguanudeuvaziiamsnend diiulledndng massuusdavesnsuninilszmnniiey
' 4 2 a ¢ @ ¢ 2o ' a b '
Apguiniy Yudmuatlosanauailszianiids ulinswaauazsmienelulszme
o ¢ o §
2225 YuFwuatlosauaud sz
o I'4 4 o
HuuGuddeiauauanudama’ldgs (Sulfate-Resistant Portland
o I'4 d wa
Cement) U Nvaeudiualesauaua tauiAnuu1nsgiu ASTM C-150 TYPE 5 iag
a o 4 o 1 9 a 1
sy ugaamnssuudmualesauaua uen .15 @y 1-2555 Ussianvl Uszeznaimsne
Y d o 1 4 d o & o [
daazudisdadinfudwuddesauaualssinnnile i ¢, A deeun T¥dmsuau
L] a g

{ o { a {aa o '
Tassafrefiegusnaiuiy nielassaduiegluuinunifuny wu aulaseaii

v

1A A a Y a d 9
NMIUNYULID ﬂzmuﬂm 21713 Llﬁ%ﬁ\iﬂ@ﬂﬁﬂﬂﬂ“"‘]iﬂﬂzlﬁ nJuﬂu
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b4
2.3 101098
181008 150 18161UHY (Fly ash 130 Pulverized fuel ash) Gugnianldlusail aa.
d i\ oa o ¥ .
1930 {WuidrouAnvnadniivinadua 1 lulaswas ldaudedszua 200 lulaswas
A a Py A 2y d A Y " oa A
aunghizeniudrnsuiissnndlulidrivaundeninaszurumsm ludvesauiiunioe
a 4 a o [} g; 1 [
an'lud Tasszdanlziulddumadounazeengsuussomaneusnmeduildesniuves
) 1 a 1 é = z‘
Tsaaumda IihdreawiulaGonindrase SavnifSnsudldzdulusuussorme
<] o (] ' Y a 9y o 3’, a 9
Wuswamannenadmaneliimadayvivannzmeoineld daiulssaunia liihdae
v a 2 a a :’, A v a A o A o [+4 9
oAuddimsarduniesaniudununlwihada Taelitagiszasninedausniadounas
9 ) Y ' o v ' ) o Aaa o A
idhasslieennnduneuldssmad susengusseima draselaena llezlidin midnse
¥ Y Aaaa a g ¢ o A 9 ' 4 v A g
hana idraselizanuazegivuiluesnilsgneundn eidhassey luanmiudansedluma
[ (=1 v A A R o ' A Y ¥ @ Yy o g
du vz lillmnialunisideuniznsedamizdusznineyma uazillowassdudanui
a a ° ana o 4 a d '
meldgungilndvzaunsainlfiseduunadonlaasen laa (CaOH),) Matluais lnil
au1iA luns¥eulse a1 (Cementitious) AINE WA IUMTITONY ST AMULALANHUZAN

9 g’/ 3 (Y U a Y 4‘ ] ad 9 ]
‘Uﬂﬁlﬂ'laﬂtluui]:i‘iluﬂﬂﬂﬂﬂizlﬂﬂ%ﬂdﬂ‘luﬁulmzﬂ%%ﬂﬂ‘w’]L‘lf‘u qquuﬂﬁumstm ¥ N

L]
vy
1

roznmlumam duiuguamuazdneazsliangsadmnumitaueveudiaoses
3 L 4 d. 1 a 1 Q
YuogiuunasnenauAudeguiY
z
231 aulANUgIMveudIa0y
° [ a J
MUINATFTIU ASTM C618 laduunmlszinnveudrasvesnilu 2 viialdun
14 [
2.3.1.1 Usziansugauniniew (Class F) Aodraosh ldninmswiauiy sia
4 a a aw o '
uouni loduazyiiadyiia Taslifsuaves Sio, ALO, 1A Fe,0, 52 uNINAI3 000y
' ¥ ' [ ¥
70 Taom lududrasslusugaaimen swiitfuia cao ludSmahneudied duiuds
a v v " Y a 3 A aa a H 9 a P
Fondunaliiudrassunadoudr lusashgdnifSunagaiulduinndumiioas
S 1 a a J a a aov QL 1 Yy v H)
aesagniiogluswiusiiauounsilua uazwile dyiivadedinaliidnessuguninen
UFANGY (R. Siddique, 2003)
Y { U a a a d
23.1.2 Usziangugunnd Aeidrassi laninmsmio i siadnlua
v a aw o U l ¢ aa a
uazdudyiia dudulnglasiivfinavewnadeusenlod (Ca0),33m (Si0,) ozl
] 14 I o ' wa A
(ALO,) uazmanoenlua (Fe,0,) Tavoanlaasiuduninnin¥esas so auiiaduaiy
£ 4
d
113314 ASTM C618 idraveilszinniiliunaidouoen loa (Ca0) luiSinugalionidiney

14
silatiiudraosnunIngs
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M99 2.2 Yermuaduniliveudransn1uanasgiu ASTM C618

( . Fugunmidraes
29A1/5znoUNAAY 7 7
Jugunwen | FuguNING

wasmveSinudan ezqiiun uazmeisn 70.0 50.0
o0n lodl (Si0, + ALO, + Fe,0,) Min%

Fues lasoonlad (SO,) Max% 5.0 5.0
Pnainnudu iy Max% 3.0 3.0
hminfigameiiessnmsin (Loss on ignition; 6.0 6.0
LOI) Max%

sam lavlugiveslwdvylaoon 1o (Na20) Max% 1.5 1.5

232 audANMENINvBuiase
avameneninlaenaldveudrassenniinisnldsunlaiiosniniagy
J 1 U ~ 1 L ,6‘ LY L3 _ .Y 1
A9 nszuIum s tnal minlinsmnauuswnuhidueinesimaduiaguieedig
2 ] v
wetuiulseaniamlunsm Ind uagaamsiansou Asiumsnadeuaniindgves
' o 9 2 = o_ g dq ¥ wa y
dhassnoutih l1Faddinnusuilu Tasnasgrunldnruguanianemenimveudiasy
1AunanAs§IU ASTM C618
233 anvarglirudioes
Tagsia lududrasedulngszlisnuazgilsrsdouthenawnsedounanluy
1 < [y o a A i‘_] o ' PUR ] a
vnnseenuiwmdnesdnyaslignunsenuiluanvazglinen luuiveuiivyuse
4 a d 0 ad ' { ° a
dloannmam luszuungdaladwan IgamaiinlFlunswn ligannwe ez ldifa
Y aa v Yy A [l [} 5 q' a LY 5 2 o ya
asnasudveIFanidina i liResuedrumituiinanisnasuazai AT AT
o U - [} ] [ ~ R o ' 9 =~ 1
dnvagglsien himiveudwaaslunmi 2.3 Faanyuzglinveadiassaziinnuuanag
- AT ¢ & a o a A ¢¥ g v 3 A
nnudmudlesanaudedndue lasanyazvenuamualeianauniutuuvaiiuvse
] 4 v voa o v o o o
dumdsuaudriuiannuudusinelugunsesumdwsdald
4 [ ' ' a a Ja o a o
dieshimsarenmeymmidrassninaurudn luaniimsm lasusim
3 qy 0 w [ [ = a9 9 da d 1
A 18 (1991) $1A (UMIF¥U) T91IA519U1T AIENABIANITAUBIANATOULLUTINIIA
Yy v ]
(Scanning Electron Microscope, SEM) wu;ﬂsmﬁ‘maamﬁﬁ‘luﬂsqnamngﬂsnﬁ"lmmueu
[ [ { o { o '
yuanaziu A 2.3 neluidrasedulseneudrveyninndluInsabend Tuaie
(Cenosphere) waninfmaluvaznmdun ngd (CS. Poon et al., 2003., PK. Kolay et al.,2001)

a & oay Aa Y a Y < ' ~ '
ﬂﬂWQUQUlﬂ']ﬁaUﬂUﬂ'J'lllﬂﬁ?qﬂ‘luiuua&'uﬂuﬂ1ﬂ1’ﬂ\uﬂ1ﬁﬂﬂﬂu1ﬂlaﬂ¢]llﬂiﬂﬂgﬂ1ﬁ1uﬁUﬂT]
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a 2 o

wa 15aiily (Plerosphere) (SV.Vassilev et al., 2003.) M3 ud1assngungigedaildidraey
a a Y

H g o . e 4 [}
uilesfilszneunandiuud (Aluminosilicate glass) uaziiiosvinmatkigumgiigedanals

Y a wa Y Yt ad o
nmaaanaumwummseu"lﬂmmxuumumm

SEl 20kV  WD15mm SS850 50pm-
SUT

~ ] 9 2 v 9 [y da o [}
NN 2.3 E‘].]i'NilﬂQm'laOU“BQQﬂﬂ'IUﬂ'Jﬂﬂﬂﬂﬁﬂa‘ﬂi5ﬂumﬁﬂﬂiﬂuuﬂﬂﬁﬂﬂﬂi1ﬂ

v o Y
234 VNAKBZAINDNSUNIZVB U0 1a08
9y =} H (=] ' 2 a
aymnveudiassivinanwmannd 1 luaseullauda 200 lunseulashia
o Yy 9 a A 1o yas
masududaesvziivuiaegnlszana 15-30 lTuaseu aawalesdunsie (@.n) 1935naaey
[] o o o 4
wuRetumInageuudwualeiauaua AWMU ASTM C118 (L. Jiang, et al., 2001)
nua29un1zlseus 1.9-2.9 (Siddique, 2003, N. Bouzoubaa et.al., 2003, P. Chindaprasirt
& 1o U = Jd 4 d 1 o 9 a Y
et.al., 2004) F39zWUNAINN YuFwuadsiauaua ANvaTuNIzYeudIaBINgIUUTIY
[ a Jd -] '4 {
ngjidumannnindsunudevazues unaidoueenlad (Ca0) 3o maneenlad (Fe,0,) #
1 Y g‘ o 1 U o
paueglulSuanuenmileniniudimuiinnuaaesumizinmsmudiaeslusey
Rertumneyninveudiassiinuazidoazdwaldiinnualssumzinganiieynia
Y da
idaveitinumey
w (Y o_ v
235  avimsnasnmaveudiaey

. ABTINISHAUIAIE (Strength Activity Index) tHunsTannuiluleas Tearu
vaaidraesamsnsiimsialdnaisis mimmaviinswanndadldnisfaamuiasgu
ASTM C618 Humsnaaeumasiuusidaiiony 7 vie 28 Jul¥iinaaouannasgiu c3ii

4 o g 4 '
niinsnageuldfuFwudlesauaua

TaglduaiA15n1unIAT§IU ASTM C109 NBFANT
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v
15119 400 N3 181008 100 N5V NT1WNIATTIM (Graded standard sand) 1,375 NV UazHa
{ 1 [} 1 J 4 °
#lda1n1s Inaru +5 veams naukvesuesMiniuguaunInsg Iy ASTM C618 ¥iims
U ' ° Jd 4 o
AIUANAIUNANDEAT08AZ 75 YBINBIAIWINTFIM 101y 7 HID 28 Tu
23.6 ANUeIMIiIveUtIaRe
& Y 1 Y
lusesnudesnisiiveadinesgnszyaiunInsg v ASTM C618 1ay
1ATFIU ASTM 311 sey IR lFdunaudsrnuiumsnageumasiimsiawididudiass
| [ [l [} J ' o Y
atioymadlunsinavezsislidunaviinnuaulnaldadedawarhdunauiuiinnu
v ¥ s ) a Y 2 A X 2 2 9 = 1 odn v g
deamsie msiduwauiinnudesmsduiviutiunuedudiaoslilsian ludunss
A aa A a PR ' ° Y
nay v3e Tmnvguszuazligngumnnie himanzavdemsiunlyam
237  anuminaneveuiiae
anuainaueveudiase latimstimualiasrvaeuaesdiuldunsum
~ 4 ]
fouazineAzuUnTUUDY 325 AIUNIATFIU ASTM C311 4AZAMUHU MUY (Density) A1)
° vq 9 I o a J 4 Jd o
11A5§1u ASTM C118 Tasfmualildidiaes so niu unuijudwudlesauaud 64 niu
szyaundvesnuru iy liifudosas s uazA U UL UYBIAI0E 1AL AIDE1S
wded liuanaennaundsdumedimminadeunounii nieAunsvesdledineu
¥
wihsuaminiinsnageusuu lifedudedis
a { 4
nmsnaaeuliuaiesazveudinssifeazunsuues 325 AmuIasgIu
i 4 J 1 4 "1a
ASTM €430 TagszyliiSuadesazveudiassidrenzunsanes 325 ananaunde ludu
fouay s MuNIATFIU ASTM C618 ANUNUILULVBIRIBENABAI0E199zABY liuand 1
] ] ' 9y
nnfmdsdudetsiivhinmaaeunounih isAundsvesdlvunoumimMInuan N
minageusuau lifsdudiedis
d
238 unmesnaga (Mulitiple factor)
4 A a Y & & Y
unweinaguAeawaanuszdaveudiaosnmils Fan laanwaga
J 9 4 o 1 3 v A [ 2
szuafSunanindazunsaues 325 dAuaniminfinie ldvainswn Famuunasgu

y 9 v
ASTM C618 Amualiuramesnagaudesliifu 255 eiiardenanidldnuidrasesu

vy
Aan ey
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24 @uaMm
a .. df a a a . by [ A
A1v17 (Kaolinite) (uAuwiinilgugll (Primary Clay) ldninnszuaumssuniloauuy
- . - o -
ila (Open-cast Pits) Taoldiwssdugelumsiarzdredu aniuihnswanuerduuas
Q' N \ ¥ g “~ e & P
fedetulddidmanveuniios mingaihiAuszganauiuasuvuassuazgnlu g
12 A A e ' 0 q ¥
anazneuvia Ingddudelunlioymavinalugizgnanaznouusnsenll v ldluas
Y A A a A A Ao = L
HYIUABLAINGIZIMABINIDYNIAYDIAUIDL TR UNTIVINARLBEAN TN
2 v 4 ¥ a
luduneudsurdsiedulushduszgnuensonlaenisldlelaslalnau
a & ' o q YA A o
(Hydrocyclones) @151921ag9zfan1snyumIssagnie luvih Iiaaveluniieyninvuia
v v ¥
Tngigausunvanyusenuiegiuinumudiweslalas leTaauniniuszanasgdiuais
o L4 1 \ $ 1 & ) ~
uazgnivasengauuende 1l eynaiflvuiaaziBennF990gUTINUATINANYOY
- = 3y [ 3 a ¥ ° a
mIsanyuazgnmios limsdmousiudussdsgnovvesduds 11 minhmsvygumies
9 0 2 [
haumenszuumslalasla Inaude 1l Fudeduniioyninvuia 30 luaseuszgauen
A Yy ' v a Aa = a s A a
poamae Iiesdiuvesingaunlinnuazdeauinquazliosnszneviilludiuvesdu
FIWBYNINNN 95%

L

] ] 9 v

ms14lalas 1o lnauiemsadaveusinanlieon ldaniiedy azyiinismdan

~ 2 4 ° yga Al ya - a £
ymeynnazdoatunlszuia 15 luaseu irldaun lalinnuvwezinnuuigns

A

1 ~ lﬁ' o ) g ¥ ~a
ﬂﬂm’fnqa ﬂu‘VIvlﬁ,‘i]zﬂﬂu'Ill1NTL!ﬂ5$‘1J’Juﬂ'liuf]ﬂu'lf)i’)ﬂ‘l]'lﬂLﬁﬂﬂuiﬂﬂﬂ'ﬁﬂﬂﬁzﬂﬂuﬂiﬂﬂ”l‘j

LY

8AN304 (Filter Pressing) ua:w'mﬂszmumsauuﬁ'«ﬁhumwﬁﬂﬁtﬁyiuﬁumauqﬂﬁw
naduievuiivzduedlufieauiivsuaiifessilfauutn (China Clays) &

auiandumniia IWWandumfivinnndssassdudwiuaulssinnyaog il (Secondary

Clays) ﬁwnTﬂﬂ'chu114qjxﬁmfomﬁuﬂszmﬂﬁﬁﬁqﬁaﬂuac_j‘luﬂ?mmmnﬁﬂﬁ'ﬁuﬁ%ﬁmn

o a ] @ o3
UIANAUNAZALIINU UK a0 I A ndum il uF 1919 (vory) AW19917 (Straw)
¥y

= -

o é \l \ { ) g’l
11918 (Brown) ¥30F1A9 (Red) BB WALMAINUIVOIAUIUA

auvnlaoia lzlivunaeymanaeudielugihldnnumilen (Plasticity) wazaau

[
T a S o ~a

< U ' a a
HUTINDUINT (Unfired Strength) ﬁ’aﬂﬂ'Jmummg“luﬂizmmuumﬂn (Secondary Clays)

9
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Abstract

Electrical energy is an important in a daily life. Coal is a primary fuel for electricity
production. The waste from the coal-fired electricity generation is a fly ash, The
numerous fly ash is a low quality fly ash (LQFA). LQFA is a low reactivity ash, and
is a hazardous waste. Normally, LQFA is stored in the landfills. The heavy metals can
leach from the stored LQFA into an environment, which is a serious problem. The
sustainable ways to solve the problem is to-utilize LQFA asa valuable material,
Although, cement is widely used in the construction work, ‘it is an environmental
unfriendly material. The high quantities of carbon dioxide gas are emitted from the
cement producing process. Geopolymer is expected to be a sustainable cement
replacement material due to its manufacturing process does not emit a carbon dioxide
gas. Furthermore, geopolymer can be synthesized from the various types of waste
materials

The aim of this work is to develop the geopolymer by using the LQFA and a calcined
clay (CC)as a precursor. The results show that the compressive strength of LQFA-
CC-geopolymer is higher than that of the commercial cement. The compressive
strength of LQFA-CC-geopolymer is increased with increasing the concentration of
NaOH and the ratio of Na;SiOy to NaOH solution, The knowledge of this work opens
an opportunity to ufilize the LQFA as a cement replacement material to reduce an
environmental impact of the coal-fired power plant waste.

Keywords: Coal-fired electricity waste, Cement replacement, Geopolymer, Fly ash,
Calcined clay
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Introduction

Portland Cement (PC) is one of the most used materials in the world. However, PC
has negative environmental impacts because its prﬁdnction process requires high
energy consumption and release a lot of carbon dioxide gas. The latter is the main
cause of the global warming. Recently, several researchers have been investigating for
a sustainable cement replacement material. Geopolymer is one of the most interested
alternatives.

Geopolymer is an environmental friendly material, and, is expected to be used as the
sustainable cement replacement materials. Because, the geopolymer production
process consumes low energy and does not emit carbon dioxide gas to an
environmental. Geopolymer can be synthesized by using the aluminosilicate materials
mix with alkali hydroxide and/or alkali silicate. The aluminosilicate materials are the
silica (Si0,) and alumina (Al,Os) rich materials. Variety of aluminosilicate materials
are used for synthesized geopolymer such as calcined clay (CC), fly ash, bottom ash;
and water treatment sludge (Ekkasit et al., 2016).

Fly ash is the waste from the coal-fired power plant, and is mainly used as the
pozzolanic materials for the building applications. However, not all of fly ashes are
suitable for construction applications. The properties of fly ashes depend on the fuel
nature and the furnace used (Wesche, 1991). High quahty fly ash is a highly desirable
commodity in the construction industry, because, it is a high reactivity ash. High
quality fly ash is obtained from high quality coal (anthracite and bituminous) with
high temperature (around 1100 to1700 °C) combustion system. Morphology of the
hxgh quality fly ash is mainly vitreous spherical particles. However, the numerous fly
ash is the low quality fly ash (LQFA). Wesche (1991) has described that LQFAisa
low reactivity ash, and, has a high percentage of irregular crystalline particles. LQFA
is a hazardous waste, it is undesirable for building applications. Normally, LQFA is
stored in the landfills. The hcavy metals ‘can leach from the stored LQFA into an

environment, which is a serious problem. In addition, the number of LQFA trend to-

significantly increase year by year. The sustainable ways to solve the problem is to

treat LQFA as a valuable material, that is geopolymer, Although, several researchers

study on the development of geopolymer from fly ash, there are a few work reports on
the development of geopolymer from LQFA.

The aim of this work is to develop a geopolymer material from LQFA blends with a

calcined clay (CC). The effect of LQFA/CC ratios, concentration of sodium

hydroxide (NaOH) and the ratios of sodiura silicate (Na28103) to sodium hydroxide
on compressive strength of the LQFA-CC geopolymer are examined. This research
will enable LQFA ﬁadmonaily destined for landfills to be used in a sustainable
manner as a precursor in geopolymer, which is significant from engineering and
environmental point of view.




Materials and methods
Precursor preparation

The LQFA was passed through a sieve (humber 120 mesh) and oven-dried at 100 °C
for 24 hours to remove the impurities in the LQFA. Kaolinite clay from Ranong
province, Thailand was milled by mortar and passed through a sieve (number 120
mesh) before being calcined at 600 °C for 3 hours to obtain CC powder.

Sample preparation

Sodium hydroxide ( NaOH) pellets and distilled water were mixed to obtain a
concentration of 5, 10 and 15 M, then allowed to cool down at a room temperature,
The alkali activator solution was prepared by mixing sodium silicate (Na;SiO3)
solution with NaOH solution. The ratios of N2;SiO; to NaOH were 0:1, 0.5:1, 1:1,
1.5:1, 2:1 and 1:0 by weight. The mixed solutions were stored for 24 hours prior to
use. Chemical composition of Na,SiO; solution consists of Na;O = 16.3 %, S$i0; =
34.2 % and H,0=49.5 %.

LQFA and CC powder were mixed in the various LQFA/CC ratios of 100:0, 50:50,
40:60, 30:70, 0:100 by weight. The mixed powder was mixed with an alkali activator
solution by a mortar at a solid to liquid ratio of 1.0. Then, the slurry mixture was
.poured into & 50 mm x 50 mmx 50 mm steel mold and compacted as described in
ASTM C109 (2002). The samples along with the molds were sealed with vinyl sheet
to prevent moisture evaporation during curing at 60 °C for 7 days.

Characterization techniques

Morphology and mineral compositions of LQFA were evaluated by scanning electron
microscope (SEM, JOEL JSM-6010LV) and X-ray diffraction (XRD, Bruker D5005)
with CuK, radiation, respectively. X-ray fluorescence ( XRF, HORIBA XGT-5200)
was used to analyze chemical compositions of LQFA and ‘CC. Density and
compressive strength of the 7 days cured samples were measured following ASTM
C138(2009) and ASTM C109 (2002), respectively.

Reésults and Discussion

Chernical compositions of LQFA and CC are seen in table 1. Main chemical
compositions:of LQFA and CC are Si0, and ALO;.

Table 1. Chemical compositions of LQFA and CC.

Raw Chemical compositions (weight%)

materials ALO;  Si0; KyO NaO0 CaO  MgO Fe;03  Ete

LQFA 19.68 3319 229 240 1193 443 1064 1544
cC 4848 4940 099 0.08 001 012 0.67 025

The X-ray diffractograms of LQFA is seen in Figure 1, crystalline phase of SiO, and

CaSO4 are the main compositions. Figure 2 shows SEM micrograph of LQFA.
Almost all particles are irregular in shape. The. XRD and SEM results demonstrate
that the used fly ash is in the type of LQFA.
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Intensity, J /a.u.

Diffraction angle, 20 /degree

Figure 1 X-ray diffraction (XRD) spectra of LQFA

20 Hm m

Figure 2 SEM image of LQFA; almost all particles are irregular in shape.

Figure 3 illustrates that by using LQFA as a precursor alone, geopolymer has low
strength. Because, LQFA has low reactivity with the alkali activator solution.
Compressive strength of LQFA-geopolymer is around 10 MPa, is lower than the
minimum requirement for PC of 19 MPa (ASTM C150, 2003). Compressive strength
of CC-geopolymer is around 34 MPa, which is higher than that of LQFA-geopolymer.
Because, CC has high reactivity with the alkali activator solution (Zuhua et al., 2014),
Therefore, compressive strength of LQFA-geopolymer is improved via replace LQFA
by CC. The maximum strength is obtained at LQFA/CC ratio of 50:50 by weigth, and
is around 42 MPa. However, strength of LQFA-CC-geopolymer is reduced when
LQFA is replaced by CC over 50 wt%. The role of the LQFA/CC ratio on the
developed strength is explained in the term of the Si/Al ratios. Table 2 presents Si/Al
ratios, for various LQFA/CC ratios, which were calculated from the chemical
compositions of the LQFA and CC (Table: 1), as well as the Na;SiOs sohition. The
Si/Al ratio is an importance factor for the developed strength of geopolymer. The
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suitable Si/Al ratios for the cement replacement materials were reported as
approximately 3 - 4 (Chindaprasirt et al,, 2012 and Abdullah et al.,, 2011). Although,
CC has high reactivity with the alkali activator solution, Si/Al ratio is reduced with
increasing of CC replacement.

50
45+
40+
354
304
25+

Cowpressive strength (MPa)

100:0° 90:10 80:20 70:30° 60;40° 50:50° 40:60 30:70 20:80 10:90 0:100
Weight ratio of LQFA to CC

Figure 3 compressive strength of the geopolymers with different LQFA/CC ratios; all
samples used NaOH 15 M mixed with Na3SiO; (Na;Si0s/NaOH ratio = 2:1), as the

alkali activator solution.
_Table 2. Calculation of Si/Al ration in the different replacement of LQFA by CC
Composmons (weight %) _
LOFA cC Si/Al ratios

100 0 24
50 50 1.6
40 60 1.5
30 70 1.4

0 100 13

Figure 4.and Figure 5 demonstrate that the high compressive strength of LQFA-CC--
geopolymer is obtained by using high concentration of NaOH (Figure 4) with high
N2,Si03/NaOH ratios (Figure 5). In addition, figure 5 shows that both of NaOH and
Na;Si0; are required for obtaining the high strength LQFA-CC-geapolymer. By using
NaOH ‘or Na;Si0; as the alkali activator solution alone, LQFA-CC-geopolymer has
low strength. Strength of geopolymer is developed via geopolymenzatmn process.

The role of NaOH and Na,SiO; in the geopolymerization process is the dissolvent and
the binder, respeetm:ly High concentration of NaOH promotes dissolution of fly ash,
as ‘well as, increasés the: ccncentratxon of AP** and Si*" ions (Ubolluk and Prmya,
2009). The hnkage between AI** and Si*" ions in the geopolymmzanon process is
enhanced by increasing amount of N325103 which act-as a binder. By using 15 M.of
NaOH with Na,SiOs/NaOH ratio is 2:1, compresslve strength of LQFA-CC-
geopolymier is around 42 MPa, which is higher than the minimum requirement of PC.
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25+

Compressive strenigth (MPa)

10
Concentration of NaOH (M)
Figure 4 compressive strength of the geopolymers with different concentration of
NaOH. All samples have the ratio of LQFA/CC and Na;SiOs/NaOH is 50:50 and
1.5:1, respectively.

Na,Si0/NaOH ratios:
Figure 5 compressive strength of LQFA-CC-geopolymer with different
Na,Si0s/NaOH ratios; the LQFA/CC ratio of 50:50 and NaOH 15 M are used for all
‘samples.

Density of material is important for a structure cost. Density of all samples in the
present work are around 1.12 to 2 18, which are lower than that of PC. The density of

PC is approximately 3.15 glem® (ASTM CI138, 2009; ASTM C185, 2008; ASTM

C595/C595M, 2013). Low density is an advantage of the LQFA-CC-geopolymer over
PC, which can be used for development of the lightweight materials. The outcome of
the present work opens an opportunity to utilize LQFA as the sustainable cement
replacement materials,
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Conclusions

In the present work, a sustainable cement replacement material was developed by
using a coal-fired power plant waste, i.e., low quality fly ash (LQFA) blend with a
calcined clay (CC), as the precursor. LQFA has low reactivity with the alkali activator
solution. Reactivity of the precursor is enhanced by blend LQFA with CC. Strength of
the LQFA-CC-geopolymer is higher than the minimum requirement of Portland
cement (PC) -around 2 times after curing at 60 °C for 7 days. By using NaOH or
Na,Si0; as the alkali activator alone, LQFA-CC-geopolymer has low strength. The
high concentration of NaOH solution and the sufficiency of Na;SiO; binder are
required to obtain the high strength LQFA-CC-geopolymer. Density of the LQFA-
CC-geopolymer is significantly lower than that of PC. The knowledge in this work
opens an opportunity to convert the hazardous west to be the useful product, ie., a
sustainable cement replacement matetial,
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